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Now — Nuclear Instrumentation 


The Tracermatic concept is a dramatic advance in simpli fie d, automatic 

iuclear instruments of exceptional versatility at lowest possible cost — an 
idea pioneered by TRACERLAB in its first instrument, the famous 
Autoscaler. 


THE NEW TRACERMATIC SERIES— 


SIMPLIFIES YOUR EQUIPMENT NEEDS 
Exceptional versatility of the Tracermatic series enables you to do more jobs with 
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need voltage super regulator and manual, re- through digital read-out 
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background. Unusually simple and rugged. 
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Low cost, high sensitivity for Carbon 14 
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LETTERS TO THE EDITOR 


Heiping Cuba join the 
20th century 


Su 


It occur to me that 
Fidel Castro's Cuba offers 


pot ntial laboratory 


i fine 
in which the Pan-American 
acting as the re 
igency of the U.N 


ould set up a demonstra 


Union 
gional 
tion to the world on how 
Iree-enterprise 


in be 


capitalism 
used to quickly 
form a backward so 
of ignorant peasants 
industrial 
of well-fed 


clothed, well-housed 


i modern 


re 1 people 

small but fer 
try. nicely tsolated 
neighbor where 
t demonstration 
made. Cuba now 
w and unsophisti 
rovernment which 
hopes but little know 
for transforming this 
ward island into a 
n nation. Obviously 
peopl ire hoping for 
r living standards 


ition and indus 


trialization can bring 
We have billions 


on economic aid for many 


spent 


Middle and Far East coun 
tries. Would it not be 
worthwhile for PAI to 
conduct a combination 
demonstration-experime nt 
in nearby Cuba? Here 
there would be little or no 
competition from the Sovi 
ets, and a clear-cut demon 
stration of the superiority 
of free-enterprise methods 
could be made 

Dr. Joseph W. Still 

Doylestown, Pa 


Opinions on ist issue 
lo the editors 
| have just received 
Vol l No | of 
trial Research and find it 
both 


Indus- 


interesting and in 
formative. It fills a long 
felt need as far as I 
know, no other periodical 
indus 
trial R&D in so adequate 
a manner 

Harold §. Sharp 


Chief Librarian 


ITT Laboratories 


covers the field of 


Sir 

The makeup of [eR 
appealing and dif 
ferent without being styl- 


looks 
ized. Its great variety of 
should dictate a 
readership. I 
like the makeup and the 
text of the Trendletter, 


the variety in Comment, 


articles 


diversified 


the much needed article 
office, etc 
Dr. Erwin Di Cyan 
Director 

Di Cyan & Brown 


Consulting Chemists 


on the post 


Su 
Your 


to have all the thorough 


Magazine appears 


ness Of Scientific Ameri- 
can and the good looks of 
Fortune — with a_ subject 

perti- 


nent to industry than either 


matter much more 
general science or general 
business 

Orville L. Faulkner 

President 

The Faulkner Co. 


Su 


I thought the January is- 
sue of Industrial Research 
both in 
content It 
looks to me like you have 


was outstanding, 
format and 


a successful enterprise and 
I congratulate you 
C. E. Watson 
Executie Vice-Pres. 
Corwith Corp. 


Sir 

I like the format. It is 
This, 
I feel, is as important in 


visually stimulating. 


communicating along sci- 
entific and technical lines 
as it is in advertising com- 
munications. 

Eugene J. Korda 


Korda Associates 


Su 


Your new publication 


is attractive and _ interest- 
ing. I especially find your 
‘Tape Re 
cording Today” interesting 
Harold C. Durbin 
ANPA Research Inst. 


articles entitled 


Su 
I was impressed with the 
article entitled “Your Dol 
lar Returns from Research.” 
J. R. Risher 
Manager, Res. & Dev. 
Swed. Crucible Steel 


Su 
irticles of 
chief interest are “Your 
Dollar Return from Re 
search” and “1959 


My vote for 


Fore 
cast.” 

Karl Robe 

Palo Alto, 


Sir 

much inter 
Aus- 

Ameri- 


I was very 
ested in reading Dr 


tin’s article, “Are 





egin 


column, Research 


o« 
; 


inition abou 


nancial aspec 


I 
niended to inform tite 


font / 


importar mar 0 int 


The other is more than a 


grouping of featur 


ma never-¢ nding hook, into 


Kael 


pecial l 


with this issue 


really-advancing areas of research and treat The 


; 


This issue's special section has articles 
of significant interest all pertaining to the 
growing use of Psychology in Industry. 
The thought-stimulating articles should in- 


it in depth from several points of view, 


byline 


terest anyone involved in advanced compu- 


ter technology, management, product design, 


or marketing. 


The section in 


Summer issue will 


cover some of the more controversial aspects 


of Basic 


conduct il, 


ernment, and some 


Sections for 
which report 
ignificant re are invited, 
t. The column 


Research 


why isn't it represented in gov- 


fulure 


such as who should 


us new significant 
contributions to technology 
issues have not yet 


heen decided; your suggestions, as always, 


metallic cover is the 


Kaulfuss—and it started 


wood cut on this quarter's IeR 
work of Kaulfi the 
of identical twins Bob (left) and Bill 


literally from 


scratch with as barren a piece of grainy 


wood as shown in the photo below. 


Photo by 


hareholder abou 


ing ually 7 he 


ynored ry the financial journal 


like « hapter 
pect 


ection will take 


j » 
Research 
oe to full le ngth. 


ire. Itsa 


reade rs 
tal with reference to gravity. 
il 


ection 


one of the = 


Trendletter 
This in 


whose eyes apparently are horizon- 


Kaulfi have been working together as an 
identical art team since their birth 26 years 
ago and especially since their graduation 
from Beloit College in 1954. 

Kaulfi also do most other kinds of ab- 


oe Ste 





can Steel Methods Growing Old? His 
comments about the direct reduction 
process were of particular interest to me 
and greatly clarified this ardently dis- 
cussed topic about which there seems to 


be so much misconception. 2 R E Ss . N T Q 


Horace F. Isleib 


eee HIGH VACUUM EQUIPMENT 
N.Y. Stock Exchange OF ADVANCED DESIGN FOR 
Sir LABORATORY + PILOT PLANT 


I think your Trendletter should be a 
pretty hot item for everyone searching Oo R ” U L L p RO D U C T | oO N— 
for new items. I would certainly like to 
know more about the nonmechanical 
radar scan unit being developed by Boe- 
ing 

V. H. Disney 

Director 

Electrical Engineering 
Armour Research Found. 


more pro 


Sur 


I have just had a chance to go through We 


the first issue of J*R, and I am certainly MODULAR LABORATORY FURNACE PUMPING SYSTEMS 

impressed with both your content and The Kinney F-15 Furnace is designed for high Great flexibility and important performance 
format. The subject matter will undoubt- performance, sound economy and maximum advantages are incorporated in the Kinney 
flexibility. Temperatures in excess of 2000° C — pw Packaged Pumping Systems. Quick evacua- 


are attainable—ultimate pressures to 1 x i 
10-5 mm Hg. Induction or Resistance Heating tion of laboratory vacuum systems such as: 


American business The research and for degassing, melting, alloying, sintering, tanks, bell jars, furnaces, tubes or other 
forecast aspects of industrial research annealing, welding or brazing. Kinney Vacuum equipment. Readily converted to evaporator 
are handled in a most understandable Furnaces in production and pilot plant sizes unit by means of exclusive manifold-valve 
i ae : for high purity metals and alloys. Write for | arrangement. Provides operating pressures to 
manner. The wealth of photographs com- Bulletin 807. 5 x 10-7 mm Hg. Ask for Bulletin 4000.1. 


bined with excellent layout and devices 


edly appeal to everyone with an interest 
in practically any phase of contemporary 


keep interest high throughout the maga- 
zine 
Ed Brenner, Editor 
Publishers Digest 


cont nued on next page 





stract art, plus photography, package de- re 2 4.85 en BL 


sign, and book design. They currently are COMPENSATED PUMPS FOR PRESSURES 
working on M.S. degrees at Illinois Tech's THERMOCOUPLE GAGE IN LOW MICRON REGION 


Institute of Design in Chicago. Other of Now—complete interchange- Kinney Mechanical Pumps em- 
: ability of gage tubes without brace the broadest selection of 
Corp. of America’s forthcoming company recalibration with the Kinney ~ Q High Vacuum Pumps in the 
book and advertisements. Compensated Thermocouple F-9 LAB FURNACE world. Single stage pumps at- 
Gage. 1, 2, 3, 4,5 and 6 station Low cost universal Laboratory tain ultimate pressures to 10 
a models provide instantaneous Vacuum Furnace. Capacity 20 microns — compound pumps to 
response on readings in the 1 Ibs. bottom plug pouring ... 0.2 micron and mechanical 
to 3000 micron range—accuracy 10 Ibs. tilt pouring. Ask for booster pumps to 0.1 micron. 
An enthusiastic response (see “Letters +10% at midscale. Write for Bulletin 805. Write for Bulletin 3120. 

to IeR’’) to the first issue of Industrial latest Bulletin. 

Research showed industry's recognition of 


the need for an across-the-board magazine < } “4 ta E . M FG. D I v ! S ! 0 N 


s 
to highlight significant research. Write... | THE NEW YORK AIR BRAKE COMPANY e 


While most subscriptions came from 


their woodcuts will appear in Container 


3526D WASHINGTON STREET - BOSTON 30 + MASS. 


Kindly send me free copies of the bulletins checked: Furnace 807 () Pump- 
; , aa new developments ing System 4000.1 () Thermocouple Gage () Furnace 805 () Pumps 3120 (1) 
technical executives in industry and govern- 


ment, in KINNEY High =e 


, an un- for literature on 


usually large number came from non- 


engineers and technical executives 


With tech nology becoming more and Vacuum Equipment 
more scientific, the distinction between the 


Company__ 





; ; : ! 
technical and non-technical executive is today Address 


growing vague. Even the management mem- 


ber who holds a technical degree is—in oy —Bene__ Haat 
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‘We taught ourselves 





to use the 


“ Gv? computer 


...it's that easy. 


PETER M. LANG, Senior Engineer 


NUCLEAR PRODUCTS —ERCO DIVISION OF ACF INDUSTRIES, INC 


“Our nuclear engineering staff, in developing 
commercial power reactors required a 
full-sized diqit il computer that the entire 
group could use. We pi ked the G-15 and I 
was first to learn its use. I taught myself 

in two days without help and in turn taught 
two-day classes for other ACF employees 
Many of us had no previous computer 
experience but we are now keeping our G-15 
‘hopping often seven days a week and 


eight to twelve hours a day 


THE G-15 GIVES YOU memory and speed ot 


co yuiters costing four times as much * Typewriter 


th 
input-output, paper tape output uncl 250 

character ec paper tape input at no idded 

cost * Punch card input-output av tilable « Extensive 
library of programs furnished * Strong user s 

sharing organization * Proven reliability * Nationwide 


sale ind ervice * Lease or pure hase 


wim : Computer 


DIVISION OF BENDIX AVIATION CORPORATION 


Built and backed by Bendix, the G-15 is serving scores 
of progressive businesses large and small through 
out the world. For details, write to Bendix Computer, 
Department Y-4, Los Angeles 45, California 


. and con 
Sir: 

Upon inspection, I must say that I 
dislike your magazine intensely. This is 
a piece of typographical clowning worse 
than the most blatant circus handbill ever 
printed. Whatever there is in actual in- 
formation is below the level of even the 
so-called Washington newsletters — and 
those are hardly good enough. 

Max F. Wulfinghoff 
Professional Engineer 
Erlanger, Ky. 


Sir 
It's about time someone has begun 
treating the exciting fields of science and 
research in an exciting manner. Your lay- 
out is functional, and your articles are 
well chosen to highlight the most signifi- 
cant research projects and show how they 
relate to each other 
Andrew Sullivan 
Professional Engineer 
Chicago 


Su 
I don't often write letters of praise, 
but your first issue certainly is worth 
mine. I long have recognized the need 
for a magazine that could correlate the 
various fields of industrial science and 
point out applications in many different 
areas. With industrial research as your 
subject, you will never run out of stimu- 
lating material! 
Herbert C. Pierce 
Professional Engineer 
New York City 


Sir 
The magazine looks mighty good. I 
have an increasing respect for editors 
All the changes and additions you made 
in my article made it more readable and 
crisper 
Dr. C. E. Feazel, Head 
Applied Chemistry 
Southern Research Inst. 


Sir 

I have just seen a copy of the first 
issue of Industrial Research, and I like 
it. I failed to find a single “have got” 
or dangling construction, although I did 
find one pronoun having a whole sen- 
tence as its antecedent. 

You might justifiably point to your use 
of better-than-average English. For ex- 
ample, I found only one careless use of 
“conventional” (as meaning “not the 
latest”) and none of “flair.” In your fu- 
ture issues, let us hope you may even 
avoid using “electrical” for electric and 
“atomic” for muclear. Although these 
specific points may appear trivial, I con- 
sider them reliable indications of an out- 
of-the-ordinary effort to set your maga- 
zine above most of the others 

Karl H. Sommermeyer 
Toastmaster Division 


For additional information, circle No. 54 on the Readers Service Card, page 99. McGraw-Edison Co. 
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Sir: 

We've just received the 
first number of your hand- 
some and informative new 
magazine —congratulations 
on an outstanding debut! 
We'll be looking forward 
to subsequent issues 

Norman P. Gentieu 
Technical Writer 
Foote Mineral Co. 


Su 
We were very pleased to 

receive the first issue of 
IeR. It looks as though 
you are on the right track 
in your efforts to produce 
a successful new research 
publication 

William J. McGuckin 

idvertising Manager 

Bendix Computer Dit 


Su 

Your design is what 
interests me. I'd call it 
“living design” if I were 
pressed for a name. It’s as 
up to date as many of us 
try to be in our living at 
work or play Another 
name might be contem 
porary. Named or not, | 
like it 

irthur H. Streich 

Nat'l. Electronics Conf 


Siu 
I might say that I've 
looked over your first is 
sue, and it is certainly well 
put together. I like the book 
very much, and you de- 
serve congratulations for a 
tough job well done 
Robert B. McCoy 
Managing Editor, 
Book Dept. 
Popular Mechanics 


Su 

I think you've hit the 
target. Best of luck for 
your continued success 

R. T. Mijanovich 

Research Engineer 


Armour Research Found 


Su 

I have just seen the first 
issue of I*R and wanted 
to pass along my congratu 
lations for a fine job. This 
is the type of publication 


that is needed to lift the 
trades from the doldrums 
and inject them with live- 
ly reading and dramatic 
layouts. 
E. F. Gibbons 
Ketchum, MacLeod & 
Grove, Inc. 


Su 

It's a wonderful first is- 
sue! From the style and 
format I would have had 
very little difficulty identi 
fying the editor. 

Dr. H. A. Leedy 

Director 


Armour Research Found. 


Su 

I have read with interest 
your first issue of Indus 
trial Research and wish to 
congratulate you on this 
fine magazine 
Richard F. Harvey 
(Inventor, Martempering) 


technical 


Sir 

Why don't you have 
more articles of a popu- 
» The “1959 


Forecast” article was easi- 


lar nature 


ly understandable and so 
was “The Flying Machine 
a New Era.” But the arti- 
cle on semiconductors was 
pretty difficult for a non- 
technical executive 

John Crowder 

Los Angeles, Calif. 


vs. non-technical 


Si 

In general, I thought the 
first issue was well done, 
but think some of the ar- 
ticles should have been 
more technical. The arti- 
cle “Semiconductors: a 
Dynamic New Industry,” 
got across the point that 
semiconductors are a new 
industry and told of the 
general state of the indus 
try, but it didn’t hang too 
much electrical meat on 
the bones 

H. Wilson McDonough 


Professional Engineer 


Su 

We have had many fa 
vorable comments from all 
of the people I have rout- 





3D Sm 
ADDITIONAL 
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...AT YOUR SERVICE 


Evans Research has 60 scientists, spe- 
cialists in chemistry and allied fields, 
ready to work for you! If you cannot 
afford to waste time, money and scientific 
manpower, you should consult an inde- 
pendent laboratory. At Evans Research 
you get an objective viewpoint enabling 
you to correct product weaknesses, im- 
prove product features . . . in short, give 
your product every chance of success 
before expensive production techniques 
are set up or large-scale market surveys 
are made. 


Significant projects have been com- 
pleted for more than 100 industrial and 
government sponsors by Evans Research. 


We will be happy to discuss your problems 
without cost or obligation to you. 


Write for our new brochure, “Can You 
Afford 60 Additional Scientists?” 


Research— 


Catalyst for Industry Dept. T-1 


EVANS RESEARCH 


and DEVELOPMENT CORPORATION 
250 East 43rd St., New York 17, N. Y. 
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Letters... 


ed I*R to, and I am quite 
sure that if you maintain 
this editorial quality and 
beautiful format, you cer 
tainly should have a very 


uccessful magazine 


George H. West 
idvertising Director 
Consolidated Electro- 


dynamics Corp 


Su 


Ihe content appears very 
interesting and I have 


taken it for my home read 


William B. Greene 
Chairman 


Barber-Greene Co 


Su 
It is a very handsome 
ind attractive job, and 
one of which you should 
be proud 
G. D. Crain, Jr 
Publisher 
idvertising Age 


Su 


| wish to add my voice 
to the many that must be 
extending congratulations 
to you on a mighty fine 
publication which, obvi 
ously, is destined to go on 


ind on 


Earl C. Kubicek 
Ill. Inst. of Technology 


individual vs. team 


SU 


You are to be compli 
mented upon your new 
publishing venture which 
is imaginative, original 
and vivid in make-up and 
content. I am particularly 
interested in your refer 
ence to W. J. Kroll in 
Research Comment.” I 
happen to agree with Mr 
Kroll that the opportuni 
ties for the individual in 
ventors must be preserved 
and fostered since they are 
the source of a great many 
innovations and advances 


in science and technology 


I. Jordan Kunik 
Patent Attorney 
New York City 
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Population exploding 


Su 
In your “Comment” col 
umn under “population ex 
ploding,” you state that 
population density is al- 
ready more than 3,000 per 
sons per square mile in 
Saudi Arabia. While it is 
true that the last govern 
ment estimate of popula 
tion there was made in 
1948, that figure of 6,500 
000 persons living on 
870,000 square miles could 
not have increased so fast 
that the average number 
per square mile would run 
from 7.5 persons in 1948 
to more than 3,000 in 1959 
If all the sheiks had 
been as prolific as Ibu 
Saud, the population today 
would still not total 2,610 
000,000 as per your data 
I bet this is the 100th let 
ter you've received A 
great magazine neverthe 
less. The design work sold 

me 
Jane E. Winkelman 

W oodbridge, Va. 


EDITOR'S NOTE: The 
Population Reference Bu- 
reau in Washington has it 
that “a high of more than 
1000 persons per square 
mile inhabit Saudi Arabia.” 


Su 


[he explosive increase 
in world population you 
so rightly point out is one 
of the truly big problems 
of contemporary civiliza 
tion. Yet it could be solved 


by a tiny pill. 

A pill containing recent- 
ly discovered compounds 
called “19 nor steroids,” 
has been announced by 
Drs. Hudson Hoagland 
ind Gregory Pinkus, co- 
directors of the Worcester 
Foundation for Experi- 
mental Biology, and Dr. 
John Rock, professor 
emeritus at Harvard Med- 
ical School. 

When the pill is taken 
daily, these steroids block 
ovulation successfully 

Experiments in the West 
Indies show that this con- 
traceptive pill will prevent 
ovulation without causing 
serious harmful effects 
Some women have taken 
the pill for three years 

Each of the 50 states 
now has its own laws gov 
erning the sale of contra- 
ceptives. When the pill is 
allowed to become sold 
over the drugstore counter 
without prescription Is a 
matter of speculation. But 
the problem isn't so much 
in the United States 

Japan, in order to halt 
its “exploding population,” 
resorted to legalized abor 
tion. Other countries are 
becoming increasingly 
aware of the population 
problems that face future 
generations. Given the 
means through research 

they may someday begin 
to do something about it 

Dr. C. N. Halsted 
Biochemist 
New York City 


Overthrowing gravity 
Sir: 

Last year I succeeded in 
developing forces against 
gravity. By motion of two 
l-oz. weights, the scale that 
I had the apparatus mount- 
ed on first read three 
pounds lighter; then with 
a little more speed read 
eight to 10 pounds lighter. 
There were times when the 
weights followed the track 
without bouncing and the 
scale read 20 Ibs. lighter. 

Not much for a_ begin- 
ning, but now we know it 
can be done, as the result 
of my search for the truth 
behind flying saucers 

With my concept as to 
what mass is, I can plainly 
see how Newton derived 
his universal law of gravi- 
tation. I have to be care 
ful, I sort of get carried off 
at times thinking about all 
the different ways that I 
can tle In my concept of 
mass with all the known 
mathematical equations of 
matter and energy 


Walter Powell 
Warm Air Heating Systems 


Whitewater, Wisconsin 


P.S.—In case you get the 
idea that I may have es- 
caped from a mental insti- 
tution and am imagining 
all this, remember. I have 
the working model! You 
are welcome to see for 


yourself 


Have rocket- 
can't travel 
Sir: 

If Dr. H. S. Seifert of 
Space Technology Labora- 
tories in Los Angeles thinks 
that propulsion is no long- 
er the limiting factor in 
space travel, he must have 
some radical rocketships 
up his sleeve. 

For every pound of man 
we put in orbit with the 
present chemical fueled 
rockets, it takes between 
a quarter of a million and 
a million pounds to get 
him there and back. This 
makes present propulsion 
systems impossible as 
spaceships. 

G. H. Evans 


C onsulting E ngineer @ 
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THE VAULT 


IF You ARE a technical ex- 
ecutive or engineer interested in 
one specific field and care little 
about how developments in other 
areas affect yours—then don’t read 
this magazine. Read only the trade 
journal in your field. 

But if you are the type 
of technical man working in indus- 
try who is intellectually curious 
about all significant current de- 
velopments, new products and pro- 
cesses ... Viola! The new INDUS- 
TRIAL RESEARCH is your magazine. 

Now, obviously you are an 
intellectually curious person (at 
least you were curious enough to 
open these vault doors). If you’re 
not already subscribing to INDUS- 
TRIAL RESEARCH, we suggest you 
ean fulfill a good share of your 
curiosity by becoming a subscriber. 

If you are in metals, you'll 
want to keep informed about ad- 
vances in chemistry. If you’re an 
electronics man, you need to know 
what’s happening in aircraft, auto- 
mation, atomic energy, metallurgy, 
space technology 

Helping you keep abreast 
of the significant developments in 
some 80 fields—from acoustics to 
weaponry—is I+¢R’s_ reason-for- 
being. Only this quarterly publica- 
tion correlates so much practical 
data on so broad a scale. 

After all, if you get just one us- 
able idea out of the literally thou- 
sands of ideas presented in each 
issue of I*R, it will have been well 
worth your $3 a year. 

The first issue of I*R is 
fast becoming a collector’s item. 
The publishers will be happy to 
send you—for valuable reference 
purposes—this “collector’s” issue 
free as long as the supply lasts, if 
you enclose a remittance with your 
subscription. Use the postage-free 
envelope next to our “vault doors.” 
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iS OPEN 


(A hidden message to industrial advertisers) 


Ir you ARE an industrial 
advertiser, you are per se inter- 
ested in opening industrial vaults. 

And finding the loot inside. 

Only it’s not that direct, of 
course. The job first is to find the 
right vault—to ezactly the right 
prospects. 

All of the 25,000 readers of 
this magazine are management 
men or engineers. All of I+ R’s 
readers are in industry or govern- 
ment (in 20,000 different firms or 
agencies). 

None of them are theoreti- 
cal scientists, high school teachers, 
or science amateurs—the main, 
wasted, circulation of general sci- 
entific magazines. 

None of them are clerks, 
salesmen, wholesalers, or dealers— 
the main, wasted, circulation of 
general business magazines. 

I*eR is read by the man 
whose job it is to search for better 
products and services, and then to 
tell his purchasing agent to buy 
them. He reads INDUSTRIAL RESEARCH 
as a part of this search because in- 
dustrial research is this search. 

Today, industry is more in- 
terrelated than ever before. If you 
are selling chemicals, it no longer 
makes sense (if it ever did) to sell 
only to chemists. And if your prod- 
ucts are such that they fit many 
applications, you especially need to 
reach a diverse readership. 

I-R is the only magazine 
that correlates practical technical 
data on an industry-wide scale. To 
get similar information, the tech- 
nical man would have to read, and 
“translate,” at least 200 different 
trade magazines in some 80 fields! 

Have you ever tried read- 
ing 200 different magazines regu- 
larly? ; 


Or advertising in them? 
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by Henri G. Busignies, president, ITT Laboratories 


(division of International Telephone & Telegraph Corp.) 


Was A GENERATION, 


world-wide television 
will be as commonplace 
as continental TV is today. 

In many instances, space satellite 
transmission of television and other 
signals will tie into existing meth- 
ods of communication—the path- 
ways of exchange of intelligence. 
One of these pathways—relatively 
new in itself—is “over-the-horizon” 
transmission. 

The start of this year saw a 
dramatic demonstration of how 
O/H, linking two nations across a 
broad expanse of sea, brought to 
the people of the United States the 
stirring climax of Cuban revolu- 
tion. Cameras on the streets of 
Havana transmitted the live pic- 
ture, at the moment it was happen- 
ing, to the U.S. via the O/H link 
between Cuba and Florida. 

Less than two years ago, this 
kind of instantaneous communica- 
tion of living history from Cuba 

suld not have been possible. Even 
today, it is the only operation of its 
kind in the world. It was made 
possible by tropospheric O/H trans- 
mission, a development that has 
many other applications. 


Beyond the tine of sight 


O/H is a sort of big brother of 
microwave communication 
line-of-sight paths, a method which 
familiar, 


over 
now is a conventional 
means of transmission within the 
United States and elsewhere in the 
world of telephony, radio, and tele- 
vision programs. One essential 
difference between line-of-sight and 
O/H, of course, is the former’s 
limitation: its effective range is 
approximately 30 miles. But a 
broadband, tropospheric communi- 
cation system may span 250 miles 
or more. 

O/H can be used effectively not 
only for television (it has demon- 
strated a very high efficiency), but 
also for such manifold purposes as 
high-quality telephone circuits, 
transmission of facsimiles, and the 
operation of pipelines by remote 
control. 

The Cuba-Florida link makes use 
of tropospheric forward scatter of 
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finding 


ees 


Best known as the WWII under- 
ground inventor of a direction- 
system called “Huff- 
Duff,” ITT’s Henri Busignies 
holds more than 100 patents in 
aerial navigation, radar, and com- 
munications. With the help of 
some Vichy leaders, who later 
joined the resistance, and the U.S. 
state department, Busignies and 
associates escaped from France 
after it fell, with several trunks 
of equipment and drawings. Ar- 
riving in New York on the last 
day of 1940, he helped organize 
Federal Telecommunication Labs, 
now ITT Laboratories. Within 
a few weeks he had a Navy con- 
tract to build the Huff-Duff. The 
development, utilizing a cathode 
enabled Allied 


ground stations and ships to pin- 


ray indicator, 


point U-boats when they short- 
waved to each other, even though 
the Germans were on the air for 
only seconds at a time. Since 
those days, Busignies has played 
a major role in developing ITT’s 
R&D activities. He became pres- 
ident of the laboratories in 1956. 
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OF-THE-ART ARTICLE 


. microwaves far beyond the optical 
horizon. Some signals, beamed up- 
et : ward and forward from a powerful 
: transmitter, pass through the tro- 
posphere, some 10 miles up, and 
move out into space. but other 
signals are scattered forward to be 
detected by sensitive receivers, 
amplified, and re-transmitted to a 
television station that broadcasts 
the program. 

Tropospheric scatter, which oc- 
curs relatively close to earth, pro- 
duces signals of usable quality 
over distances of a few hundred 
miles. Because it is applicable to a 

—? wide range of frequencies, it is 
possible to obtain a large number 
74 of channels for such wide-band 
agg St ay communications as mu/tichannel 

mages ae telephony as well as television. 
" Ya - The troposphere is not a smooth 
* : : mirror, fixed in space. Rather, it is 
 % i a broad region from which electro- 
wd magnetic waves are scattered in an 
‘ ; ) irregular manner, varying from 
one moment to the next. This turbu- 
; lence, or irregularity, poses a 
- , problem because a single trans- 
mission .over one O/H microwave 
path can be affected by short-term 
fading. This is overcome, however, 
by operating two or more trans- 
missions in parallel, and the re- 
ceived signals are combined to give 
gee : one smooth signal of commercial 

# quality. 

This principle is inherent in the 
operation of the 185-mile Cuba- 
‘ Florida link, developed by IT & T, 
and now operated with AT & T. 
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Using TV satellites in ‘fixed’ positions to the earth, meteorologists will be able to view the total interplay 
The economic value of even partially 


SIDEREAL PLATFORM, at right is operated from a control console at ITT Labs in Nutley, NJ. 


Fixed to a seismic block and isolated from the building by a thick cork base, 


the platform can be made to stand still in space while the earth turns around it 
once every 24 hours. It is used in testing inertial navigation and guidance systems. 


Like giant, modern-day screens 
of the drive-in movie theaters- 
which they resemble at first glance 

two 60-foot paraboloid antennas 
rear their heights at each end of 
the Cuba-Florida link. Each an- 
tenna receives and transmits simul- 
taneously. 

This means transmission on a 
single frequency is received from 
the troposphere over two paths, so 
in the event of fading on one path, 
the signal still is received on the 
second. Similar results are obtained 
by using frequency diversity (in 
which the signal is transmitted on 
two different frequencies). 

On the Cuba-Florida link, which 
operates on 10-kw of power, in 
the 700-900 megacycle range, both 
space and frequency diversity sys- 
tems are used—quadruple diversity 

to assure best possible reception. 
Each antenna feeds into two re- 
ceivers, then into a combiner, which 
automatically produces a _ high- 
quality, commercial signal. 


Operating in the ultra-high fre 
quencies, O/H extends man’s ability 
to jump electronically over areas 
that have been communications 
blocks before: great stretches of 
water, impenetrable jungles, mo- 
rasses incapable of providing a 
solid base of construction, and the 
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many remote and mountainous re- 
gions of the world. 

This opens up a new vista for 
many undeveloped sections of the 
world, and lowers operating costs 
in out-of-the-way places. Maintain- 
ing manpower at pumping stations 
of a desert pipeline, for example, 
represents a considerable cost fac- 
tor. Housing must be created for 
the crews; food and water must be 
delivered at regular intervals. 

O/H transmitters and receivers 
could be installed at intervals of 
a hundred miles or so. These trans- 
mitters would relay constant in- 
formation on the rate of flow of 
oil or gas through the line. The 
headquarters then could electron- 
ically order any pumping station 
to speed up, slow down, or stop, 
as the need arises. 

All this would be accomplished 
without a human hand at the pump- 
ing station controls, with conse- 
quent savings in construction of 
buildings to house maintenance 
personnel, in food and water sup- 
plies and in the cost of personnel. 
This is only one demonstration of 
how O/H can function efficiently 
and achieve economies in inacces- 
sible areas. 

It may seem a far cry to relate 
O/H to something so common as 
the movements of tourists. Yet the 
changing habits of the traveling 
public create pressures that have 
a definite relationship. 


Anticipating this, consideration 
now is being given by one Mexican 
company to the establishment of a 
new communications link by O/H. 
The system would leap some 180 
miles across the Gulf of California 
from La Paz, near the southern 
extremity of Lower California, to 
Culiacan on the mainland of Mex- 
ico. From Culiacan the communica- 
tion link could feed into existing 
lines northward to the U. S. 

There are other examples of how 
the movement of peoples, even on 
a transient basis, creates a need 
for better communications. 

In one area of Mexico, one com- 
pany is in the process of develop- 
ing new fields which lie in tangled, 
jungle country. Existing very-high- 
frequency radio communication has 
proved unreliable because of high 
degree of fading. A considerable 
amount of vital information is 
flown from the field by small planes 
to the company’s headquarters some 
250 to 350 miles away. This is slow 
and uneconomic. Consideration thus 
is being given to an O/H jump 
across the jungle in one hop. 

Technically, it now is possible 
to extend transmission of television 
to South American nations. The 
question is one of economics, of 
need and demand. Mexico, for in- 
stance, has considered establishing 
an over-water link with the United 
States, in addition to moving across 
land to the north. 











of natural forces simultaneously. 
controlled weather would be enormous. 


‘WHITE ALICE’-type antennas, 60-feet 
high, are used in the broad-band, 
over-the-horizon microwave link 
for the first direct television 
service between Florida and Cuba. 
In Alaska, the White Alice system 
not only provides a defense 
network, but is accelerating 
expansion of the new state. 












This could be realized by O/H 
links from Mexico City to Yucatan, 
then by water hop to Cuba, tieing 
in with the already existing Cuba- 
Florida link. Similarly, Mexico 
City could be joined with the 
United States by a series of O/H 
stations, providing 200 voice chan- 
nels, stretching across 1,500 land 
miles to the border. 


The Arctic DEW line 


O/H plays an important defense 
role as an integral part of the 
Distant Early Warning system 
stretching across the Arctic. This 
DEW line of defense against enemy 
aerial attack extends its electronic 


arms 3,000 miles from Cape Lis- 
burne on the northwestern shores 
of Alaska to Cape Dyer on the east 
coast of Baffin Island. The western 
anchor faces Siberia; the eastern 
terminus looks across Davis Strait 
toward Greenland. 

One of the great advantages of 
O/H transmission in this ingen- 
ious system of defense is that it 
is well-protected against jamming 
by the enemy. It is not readily 
susceptible to injection of false 
information into the transmission, 
a vital prerequisite. 

When the DEW line was estab- 
lished, its function was to detect, 
from 200 miles away, strategic 
bombers moving at 600 mph. New 
moves are underway now to im- 
prove the detection system to en- 
able even earlier discovery of super- 
sonic planes. 

Alaska can boast of a statewide 
communications system that em- 
ploys the O/H technique. This is 
the $140-million Integrated Com- 
munications System, Alaska—more 
commonly known by its code name, 
“White Alice.” It provides not only 
a defense network, but also a public 
communications facility through- 
out rugged, inaccessible areas. 

Before the development of this 
network, large areas were without 
telephone or telegraph service. A 
message for Fort Yukon might 
reach Fairbanks and wait there a 
week or more for a bush pilot to 
fly it to its final destination only 
180 miles north. Now, within min- 
utes, it is possible to reach New 
York from the most remote points 
in Alaska. This kind of improved 
communication will have great in- 
fluence in accelerating expansion 
of the state. 

Development of oil discoveries 
on the Kenai peninsula is one good 
example. Swift communications 
make possible replacement of vital 
equipment at the time it’s needed. 
And the advance of communica- 
tions has helped in the growth of 
communities where less than three 
years ago there was little sign of 
human life. 

The importance of O/H as an 
integral part of military communi- 
cations is emphasized in other parts 
of the world. 

A case in point is the need for 
reliable communications among the 
European nations of the North 
Atlantic Treaty Organization. 





NATO has commissioned the Su- 
preme Headquarters Allied Powers 
Europe (SHAPE) to build a new 
command communication network 
of tropospheric and conventional 
line-of-sight radio stations from 
Paris northward by way of Eng- 
land and Denmark to northern 
Norway, and southward by way of 
Italy and Greece to eastern Turkey, 
with feeder lines from Germany, 
Belgium, and other key points 
along the way. 


Project ACE HIGH 


Prime contractor for planning, 
engineering, and installing the new 
system, known as Project ACE 
HIGH, is International Standard 
Electric Corp., ITT’s overseas man- 
agement subsidiary. Hycon Eastern 
Inc., under a directed sub-contract, 
serves as an independent engineer- 
ing consultant to SHAPE. 

The building of the complete 
SHAPE network has been described 
as a ‘‘complex and challenging 
assignment” because of the varied 
sources of supply, the vast and 
sometimes rugged terrain it must 
cross, the necessary adjustments of 
international radio frequencies, 
conflicting local and national inter- 
ests, and employment of personnel 
from many countries. When com- 
pleted, it will be the largest inte- 
grated military communication 
system ever designed and con- 
structed as a single project; it will 
be the largest tropospheric scatter 
system in the world; and it will 
provide instant communication 
among a multiplicity of nations. 

O/H also is being used to link 
American air bases in Spain and 
in Spanish Morocco—an across-the- 
water hop over the Straits of 
Gibraltar. This 215-mile ITT-de- 
veloped system carries both tele- 
phony and telegraphic messages. 
Similarly, the first O/H voice cir- 
cuit in Europe came into being in 
September, 1957, between Spain 
and Italy, connecting Sardinia and 
Minorca, a distance of 230 miles 
over the Mediterranean Sea. 

Underway now are new develop- 
ments—and plans—which can in- 
crease the effectiveness of O/H 
still further. Only recently, ITT labs 
obtained a patent on a system to 
create man-made reflectors high 
above the earth. 
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Under this system, “mirror” 
zones or layers would be created 
by shooting reflective material from 
earth by cannon or guided missile 
—or by carrying the material aloft 
by balloons or airplanes and releas- 
ing it. These materials could in- 
clude metallic chaff, nitric oxide, 
or ionized gas. 

Still another method would use 
a powerful emitter of very short 
waves to ionize a zone in the at- 
mosphere. When nitric oxide is 
released in daytime, sunlight acts 
upon it to form a dense cloud of 
electrified particles, creating a re- 
flective layer. This reflective layer 
can be tracked from earth and 
replenished as the need arises. 
So, the reflective layer can be 
controlled. 

Such a system would increase 
the range of existing transmission 
and improve it by overcoming 
tropospheric interference. 

ITT also has developed a new 
low-noise “parametric” amplifier. Tt 
frequently will enable an O/H hop 
to be extended another hundred 
miles, because it can increase the 
received signal without increasing 
radio noise. 

This development, utilizing a new 
silicon diode, can promote other 
economies. As an alternative to 
increasing the range of the signal, 
for example, the parametric ampli- 
fier enables a cut in broadcast 
power by as much as 90% while 
still maintaining the same service. 
Furthermore, the amplifier has sig- 
nificant applications to receiving 
signals from space satellites. 

When the Pioneer IV _ space 
probe was launched past the moon 
and toward an orbit around the 
sun, the parametric amplifier added 
more than 150,000 miles to the 
range of equipment at Redstone 
Arsenal used to track it. 

These were experimental track- 
ings for comparison purposes. 
Shortly after launching, the Red- 
stone station, without the para- 
metric amplifier, could not pick up 
the Pioneer signal after 50,000 
miles. With the amplifier, the space 
probe was tracked for 37 hours to 
a distance of 215,000 miles when 
the tracking test was discontinued. 
At that time the signal strength 
was weaker than —158 dbm (deci- 
bels relative to one milliwatt). The 
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‘LOW-NOISE’ AMPLIFIER, a parametric 
amplifier is adjusted by William 
Sichak, director of ITT’s radio com- 
munication lab. The amplifier was 
developed to add range and cut 
power needs on microwave links. 


ATOMIC GAS CELL surrounded by mag- 
netic shielding is used in ITT de- 
velopment of a lightweight, port- 
able “atomic clock” which would 
provide a highly accurate time stand- 
ard for ships, planes, and missiles. 


strongest signal received at Red- 
stone was —143 dbm. 

Much data already have been 
transmitted from space to earth: 
on the composition of “near space,” 
the density of micrometeorites, 
temperature controls, and even 
biological information on the Rus- 
sian dog Laika. 

The band of intense radiations 
discovered recently through satel- 
lite probes by Dr. James A. Van 
Allen, University of Iowa space 
scientist, is related closely to the 
aurora borealis. Now the puzzle of 
what causes auroras which black- 
out long-distance radio transmis- 
sion practically is solved. 


In recent years, radar has played 
an important role in plotting the 
advance of tornadoes, hurricanes, 
and other storms. But the achieve- 
ment has been minor compared to 
the potential in satellites. 

With TV satellites scanning the 
earth, or in “fixed” positions with 
respect to it, meteorologists will be 
able to view the total interplay of 
natural forces simultaneously. The 
economic value would be enormous. 
One estimate made by a congres- 
sional committee is that better 
weather predictions resulting from 
this kind of observation would re- 
sult in savings of about $4 billion 
a year in the U. S. alone. These 
savings would be effected in im- 
proved planning of crops, distribu- 
tion of weather-affected goods at 
a time and place where they’d have 
the greatest demand, and better 
warnings of hurricanes and other 
storms. 

A project initiated by the Ad- 
vanced Research Projects Agency 
has as its goal the launching of a 
meteorological satellite to orbit 
about 300 miles above the earth. 
Observations of weather-in-the- 
making would be made by com- 
pact television cameras developed 
by Radio Corp. of America. The 
pictures would be stored on video 
tape, then transmitted to earth on 
command from a ground station. 
Within a few minutes after the 
pictures have been taken they would 
be available for use with other 
information collated by a data 
processing center, then immediately 
distributed, within an hour or so. 

Satellites also hold the prospect 








of better navigation. The scientists 
of the Applied Physics Laboratory 
at Johns Hopkins University and 
at the Naval Ordnance Test Station 
at China Lake, Calif., are develop- 
ing a system utilizing a three-foot 
satellite in a polar orbit about a 
1,000 miles above the earth. A 
transponder inside the satellite is 
planned to receive, amplify, and re- 
transmit a radio signal. 

A ship’s navigator, referring to 
a table listing the satellite’s posi- 
tion at any given time, would know 
when the satellite was within 
range of the surface craft. A signal 
broadcast from the ship would be 
re-broadcast by the satellite. 

Then, by checking the table for 
position of the satellite and measur- 
ing echo time of the returned sig- 
nal, the navigator could plot a line- 
of-position. By making a second 
observation a short time later, he 
could establish his location. The 
system will eliminate dependence 
on star sighting, a present dis- 
advantage during the daytime and 
on overcast nights. 


The 3-satellite system 


Global communications via satel- 
lites might well be achieved within 
two or three years. One proposal 
that shows promise is ITT’s “Earth 
Net Dialing” system for telephone 
and TV transmission. 

The successful orbiting of the 
8,500-pound Atlas was dramatic 
demonstration of the use of voice 
channels from a space satellite— 
the forerunner of tomorrow’s net- 
work, operating even farther out 
in space. The Defense Department 
hopes to launch the first of such 
satellites perhaps by late 1960, 
followed by others to create the 
space network. 

Such a network could be achieved 
by establishing three unmanned 
satellites 22,300 miles in space. 
They would be launched in an 
equatorial orbit, and spaced 120 
degrees apart. At the prescribed 
altitude, the satellites would appear 
to be in fixed positions relative to 
the earth because their angular 
speed would be made equal to that 
of the earth. Signals from each 
satellite would blanket almost half 
the earth (as illustrated on page 
17), each overlapping the other. 

This system might be capable of 
handling 30,000 one-way voice cir- 
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cuits, or 15,000 two-way voice cir- 
cuits, plus three television net- 
works. It also would be capable of 
transmitting facsimile, high-speed 
code, or teletype messages. 

Since each hemisphere would 
overlap another, stations in these 
overlap regions would act as 
inter-hemisphere relay points. 

Ground stations in the overlap 
areas would be able to “see” two 
satellites at the same time, and to 
communicate with them directly, 
receiving messages from them and 
servicing other ground stations in 
two adjacent hemispheres. 

These overlap areas would co- 
incide with regions of high com- 
munication activities on earth. By 
establishing the ground stations 
in the overlap areas, the need for 
inter-satellite communciation is re- 
duced, since there will be immediate 
access to two-thirds of the earth 
via any two satellites from ground 
positions in the overlap areas. 

As part of this world-wide sys- 
tem, a central switching control 
center would be established. Sta- 


tions in each hemisphere continu- 
ally would feed information into 
this center, electronically describ- 
ing the status of their circuits. 
The data could be analyzed swift- 
ly by a digital computer. Then the 
center would send commands to the 
sending station to use specific cir- 
cuits for its message and at the 
same time tell the receiving station 
what circuits it must use for the 
incoming call. Thus evaluation, 
commands to the stations, and 
completion of the call would be 
accomplished within seconds from 
any part of the world. 

The satellites might be powered 
by solar energy collected with a 
10 x 10-foot flat square of plastic 
slats. The slats, hinged at the edges, 
could contain solar cells to produce 
1,000 watts of energy. This source 
also would charge small batteries 
to provide power through the small 
part of the orbit when the satellites 
are in shadow. 

Transmitting power would be in 
the area of 50 to 100 watts. Signals 
would be received and transmitted 
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by small antennas bolted to the 
bottom of the satellites. These 
would be oriented constantly by 
ionic or plasma motors toward the 
earth. The antennas, with a beam 
width of 25 degrees, would operate 
on a typical carrier frequency of 
perhaps 6,000 megacycles. The total 
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to world-wide communications that 
a single satellite cannot offer. 


Other satellite systems 


A single satellite of a- delayed- 
transponder type would suffice only 
for a so-called “mail delivery” 
system. The satellite would receive 
and store a message as it travels 


Expansion of Solar’s applied research 
laboratory has created several excellent 
career opportunities for experienced 


over New York. As it passes over 
Paris, for instance, it would de- 
liver its message on command. If 
the recipient were on hand—and 
the reply could be sent to the 
satellite immediately, then that 
answer could be delivered to New 
York—again by command—an hour 
and a half later. 

This delayed system would be 
acceptable for relay either by voice 
or by letter-message, but not for 
instantaneous transmission of tele- 
vision, teletype, or two-way voice 
communication. 

It also has been suggested that 
passive satellites in a fixed position 
to earth would be effective. But 
some control system would be in- 
dispensable to prevent their drift, 
or else a large number of them 
would have to be in orbit to insure 
availability, either at 22,300 miles 
or circling the earth at shorter 
distances. Since the satellites would 
act only as reflectors, this would 
require large transmitted power by 
earth stations in the region of 100 
kilowatts or even megawatts, de- 
pending on the capacity of the 
system. 

But whether passive or active, 
these space stations would have 
relatively light weight. The size 
of the entire payload would be less 
than that of an office desk. It is 
this miniaturization—this ability 
to launch them with existing 
rockets—that promises an early 
answer to the quest for global 
communications. * 
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SOLAR SPECIFICS 
Solar is a medium-size company 
(2500 people in San Diego) 
founded in 1927. It is big enough 
to offer the most advanced per- 
sonnel policies, yet small enough 
for rapid individual advancement 
and recognition. Salary and per- 
formance reviewed semi-annually. 
Solar is making many significant 
contributions to advanced tech- 
nology—in power plant design and 
production, in manned aircraft 
and engines, in missile systems 
and other important areas. Profes- 
sional status of scientists and 
engineers is fully appreciated and 
recognized. A new 60,000 square 
foot research and engineering 
building, necessitated by expand- 
ing programs, will be completed 
in 1959. 
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AIRCRAFT COMPANY 


WONDERFUL LIVING 
Solar is located in San Diego—a 
city which offers the nation’s finest 
year-around sunny climate and 
unmatched cultural and recrea- 
tional advantages. And San Diego 
is rapidly becoming one of the 
leading research centers of the 
nation. There are four universities 
in San Diego, including the new 
advanced science branch of Uni- 
versity of California, where you 
can continue your studies if you 
wish. All in all—San Diego living 
is great! 

WRITE TODAY 

If you would like to undertake 
exciting new research projects, 
while rapidly advancing your 
career, send a resume of your 
qualifications to Louis Klein, 
Dept. E-356, Solar Aircraft Com- 
pany, 2200 Pacific Highway, San 
Diego 12, California. 
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MIXED-ENGINE SHIP powered by both rocket and jet engines, the Saunders-Roe SR.53, 

pulses diamond-pattern exhaust from its compact rocket. The missile-bearing interceptor 
uses a turbojet for cruising and a 9,000-lb.-thrust rocket engine for optimum performance. 
This means instantaneous climbing and maneuvering power at the fringe of space (13 miles). 


The Flying Machine: a New Era—part 2 


TODAYS SPACECRAFT 


rocKxersnip, the North American X-15, may be pushed to 4,600 mph by the 50,000-lb.- 
thrust of its Reaction Motors’ engine. The X-15 may be the first manned machine to fly 
at hypersonic speeds. Flight testing of the latest model will include an ascent to 100 miles, 


followed by a steep dive back into dense air to determine re-entry reactions. 


ITHO/ MP SF 77 


SOG dt 


VS WATE 


by K. M. Wylie Jr., [+R Contributing Editor 


ONE MORNING every seven days, 
at an RAF base in Great Britain, 
ground crewmen dressed in Tery- 
lene protective suits and equipped 
with “water pistols” attached to 
long hoses run the rocket engine 


of an SR.53 mixed-unit interceptor 
aircraft to full power. This is the 
compact engine used to fling the 
combination jet-rocket Saunders- 


Roe ship to the last upper fringes 
of earth’s atmosphere. 

As the de Havilland Spectre 
9,000-pound-thrust rocket screams 
at top speed, the crewmen check 
it for idling, “hot light up,” full 
power, and re-light. The procedure 
is standard once a week for this 
engine, fueled with High Test Per- 
oxide (H.T.P.). 





Using H.T.P., according to 
Saunders-Roe, involves no greater 
problems or hazards than other 
aircraft fuels; actually it is pre- 
ferable in many ways to high- 
octane aviation gasolines. The only 
precautions needed are wearing the 
protective suits to keep peroxide 
off the skin—it is somewhat pain- 
ful—and using the water pistols 
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to wash away spillage on the body 
or to dilute spillage on clothing. 
Dirt on clothing can act as a cata- 
lyst with H.T.P. and start a fire. 

The other partner in the rocket- 
jet combination is an Armstrong 
Siddeley Viper turbojet (2,400-lb. 
thrust), mounted conventionally. 
It’s started from trolley pressure 
tanks delivering air to the turbine 
at 2,000 psi. For additional servic- 
ing, ground crewmen can swing the 
Spectre rocket down 
from beneath the ship’s scalloped 
tail and remove it on a hydraulic 


accessible 


stand, specially designed for the job. 

Complex maintenance steps, yes. 
But they’re typical of procedures 
needed now and that will be needed 
in greater and greater degree to 
keep the new class of military air- 
craft flying 
spacecraft, hurtling at one and a 


These are today’s 
half, two, or three times the speed 
altitudes of 70- and 
99 % 


of sound—at 
100,000 feet 
of the earth’s atmosphere. 


above 95 to 


Nor is the SR.53 unique in type 
or maintenance needs. Two Ameri- 
can mixed-powerplant aircraft are 
the FJ-4F and the F8U-3. 

A somewhat different approach 
is the F-100 Sabre fitted 
with a jettisonable Astrodyne XM- 
84 booster rocket for leaping into 
the air after a one-foot takeoff run 
from North American Aviation’s 
new Zero Launch or ZEL self-con- 
tained launching platform. 

The ZEL equipment and rocket- 
booster (130,000 lbs. added thrust) 
give the F-100 the instantaneous 
tactical readiness it must have to 
do battle from any kind of isolated 
rugged terrain, or to jump into 
the air ahead of an enemy missile. 


Super 


The rocket-jet combination 


Various forms of power—pro- 
peller, turbojet, ramjet, and rocket 

will push a plane to necessary 
speed. Yet considering 1. the 
weight of the engine needed to 
give a pound of thrust at the opera- 
tional altitude, 2. the weight of 
fuel this thrust, and 
3. the sortie patterns required of 
the aircraft—the choice becomes 
narrowed to the turbojet, ramjet, 
variable-thrust rocket. Then, 
considering the vital matter of 
acceleration further, the 
choice narrows again to just the 
jet and rocket. 


producing 


and 


even 
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While jets are relatively eco- 
nomical of fuel, and rockets gulp 
it at a bibulous rate, the final 
optimum engine choice for produc- 
ing the greatest accelerating power 
is not two big jets. Such an air- 
craft would be needlessly large. 
The best combination is one power- 
ful jet plus one powerful rocket. 

In general, turbojets are heavy 
and have comparatively low fuel 
consumption; rockets are the other 
way around. Result: engine weight 
of a mixed unit (jet plus rocket) 
ship may be about 10% of total 
airplane-plus-fuel weight. Engine 
weight in a pure jet is about 25% 
of takeoff weight. 

Although a mixed-unit aircraft 
carries a greater percentage of its 
take-off weight in fuel and oxidant, 
its landing weight, with rocket pro- 
pellants burned, is quite low. As 
a result, the jet-rocket ships can 
land on short runways, a must in 
compact Britain, 
where. 

And in the air, since the rocket’s 
huge 


an asset any- 


reserve of power largely 
eliminates aerodynamic drag, all 
the mixed-engine pilot has to do 
to overwhelm the effect of drag is 
push the throttle harder. As a re- 
sult, the aircraft’s structure (such 
as wings) and equipment (such as 
radomes) can be designed for 
maximum efficiency. There is no 
problem of slowing the machine in 
flight. 

At this stage of military rocket 
and aircraft development it is not 


The evolution from propeller aircraft to multiple-mach machines has 


exactly certain what form either 
will be taking even in the near 
future or what kinds of tasks they 
will be given. A good example of 
this state of flux is the fate of 
Canada’s big, dual-jet interceptor, 
the Avro Arrow |SEE PART 1, THE 
FLYING MACHINE, I*R, JANUARY 
59], which was cancelled recently 
in favor of Lockheed Bomare mis- 
sile defenses. But it is clear that 
mixed-power craft rank high for 
intercepting other aircraft. So long 
as supersonic and subsonic 
bombers, such as the Soviet Tupo- 
lev Tu-16 Badger, are flying, the 
potential need remains. 

A hint of the future may be 
given in the flight control system 
designed for the Saunders-Roe 
SR.177. (This craft is an advanced 
modification of the SR.53, but was 
never put into production because 
of British air cutbacks and lagging 
West German air force interest.) 
Its control system, designed by 
Smiths, Messier, and Saunders-Roe, 
could have put the manned 177 
under full automatic control—a 
procedure which Saunders-Roe be- 
lieves is a suggestion of the most 
efficient route to the “ultimate 
guided weapon.” 


Jobs of the flying machine 


A clear picture of the present 
shape and future pattern of flying- 
vehicle research and development 
can be gained by thinking of flying 
(as mentioned in Part 1) in terms 
of both the job to be done and the 





medium in which it must be done. 
Jobs can vary from ferrying pas- 
sengers across Chicago in a heli- 
copter, across the nation in a jet, 
to slipping through space among 
the planets. 

Flight media extend from the 
earth upwards. To operate within 
the dense atmosphere (up to about 
100 miles), the range of flying ma- 
chines includes subsonic aircraft 
and missiles such as current VTOL/ 
STOL models; new jet transports 
such as the Douglas DC-8, Comet 
IV, and Caravelle; military aircraft 
like the Boeing B-52 and Soviet 
Tu-16, and also missiles such as the 
Snark, Mace, and Matador (all sur- 
face-to-surface aerodynamic 
pons). 

Also operating at these altitudes 
are supersonic aircraft (Mach 1 to 
Mach 5), airplanes such as the 
Lockheed F-104, Convair B-58 and 
the North American B-70 and F-108. 
Missiles flying at this altitude and 
speed range are represented by such 
models as the Corporal and Ser- 
geant ballistic missiles, and Regu- 
lus II and Lacrosse surface-to-sur- 
face weapons. 

Operating in the upper atmos- 
phere and spatial fringes are 
hypersonic (more than Mach 5) 
vehicles—space-skipping ships such 
as North American’s X-15 and 
missiles with intercontinental, in- 
termediate-range, and anti-missile 
missions, including Russian ICBM’s 
and IRBM’s, the U.S. Atlas and 
Thor, and such missile-defense 


wea- 


taken less than a single decade. 


WORLD'S FASTEST JET, 
the L ckheed F-104 
Star figh ter, unde rgoes 
a u ing-loading test 


to determine hou much it 


can take. Researchers 


record data from a battery 
of ose llographs connected 
to strain gages built ento 
the stubby test wing 
during fabrication. 
Exceeding 1,400 mph 

at 70.000 feet, 

the Starfighter may 

be thought of as the last 
of the airplanes and the 
first of the spaceplanes. 


weapons as Nike Zeus, and ad- 
vanced Bomarcs. 

In the farthest regions, “near” 
space and “deep” space, man al- 
ready has sent robot rockets carry- 
ing the satellites. Manned space- 
ships, for example the United 
States’ project Mercury, have not 
as of this writing penetrated these 
high ranges. 


Opinions vary widely on the com- 
parative virtue and future of flying 
machines with manned controls 
versus those with remote controls 
(electronic, gyroscopic, inertial, 
sidereal, etc.). 

On the basis of research con- 
ducted last year in its new tran- 
sonic wind tunnel, Cornell Aero- 
nautical Laboratory believes that 
this country is attaching less and 
less importance to manned aircraft 
and more to missiles. Others share 
this view or have more extreme 
views, but there are notable dis- 
sents too. 

Man should be included as part 
of future aerial weapons systems 
because of his ability to adapt to 
various extreme conditions, accord- 
ing to James W. Raeke, human en- 
gineering analysis section, North- 
rop Aviation Corp. 

“‘Man’s reasoning, judgment, and 
adaptability will keep human pilots 
at the controls of flying vehicles in 
the future,” Raeke believes. 

In stronger terms Dr. John C. 
Bellamy, associate director of Cook 
Electric Co.’s research laboratories, 
Morton Grove, Ill., says: “There is 
no substitute for a human in 
space.” He explains that electronic 
devices, reconnoitering space to 
answer queries of earthbound re- 
searchers, can cram only so much— 
about 2 to 3% of the data a man 
could collect. 


Putting the matter in chronologi- 
cal perspective, Lockheed Aircraft 
Corp. describes today’s missiles and 
satellites as interim vehicles and 
devices which will lead to manned 
ships flying in the mezzanine of 
space. Others have characterized 
present missiles as contributing to 
the lineage of future manned ships. 
At least until a true self-organizing 
brain is developed [AS DESCRIBED IN 
“AUTOMATA,” PAGE 43] men, not 
machines, will conquer space. 

Dr. Walter Dornberger, World 


War II commander of Germany’s 
Peenemunde V-2 rocket buzzbomb 
station explains why: “An auto- 
matic space vehicle would have to 
be so complex, the possibility of its 
failure would be tremendous.” 


What are the Russians doing? 


The question of manned or un- 
manned, aircraft or missile, is 
prompted by another question too, 
reflecting the haunting repetitions 
of a Pavlov or the determination of 
a Krushschev, namely, “What are 
the Russians doing?” The question 
is a bell-ringer and seems destined 
henceforth to get fast reactions 
from Americans and others in the 
free world. 

So it should. Two examples are 
noteworthy stimuli. For one thing, 
late in November last year Avia- 
tion Week magazine stated that the 
Soviets had been flying a manned 
atomic-powered bomber for at least 
two months. And for another, 
speaking of the Russians’ getting 
a man into space, Dr. Hugh L. Dry- 
den, deputy administrator of the 
National Aeronautics and Space 
Administration (NASA), has said: 
“They have the capability of doing 
this before we do.” 

The question about Russian 
progress also has to receive our at- 
tention now because of the degree 
to which rocket and space develop- 
ment have become interwoven with 
military developments. It may be a 
matter of survival. 

As pointed out in a letter to the 
editor of the Wall Street Journal 
answering what Industrial Re- 
search editors considered an overly 
complacent editorial, “the rockets 
that put the Sputniks in space are 
ICBM weapons. The system that 
guided the 1%-ton Mechta to the 
vicinity of the moon is more ad- 
vanced than ours. In fact, it is so 
accurate that—if merely pointed 
in a different direction—it could 
pinpoint nuclear payloads to our 
industrial centers.” 

As potentially dangerous as are 
Soviet developments, they have 
forced our questioning and vigor- 
ous development of space machines 
only to a minor degree. 

Such questioning, though politi- 
cally motivated, is primarily tech- 
nical. The President’s budget re- 
port noted that one of the princi- 
pal problems remaining to be 
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solved is development of jet and 
space-engine fuels, including “a 
satisfactory burner to use liquid 
compounds of the element boron.” 
Eisenhower also stated that the 
government is working on the 
development of atomic energy for 
jet aircraft and space vehicles, 
including one type using heated 
hydrogen gas for propulsion. 


The Soviet A-piane 


Whether the Soviets actually 
have flown their A-plane, reports 
seem certain that they already have 
built one. As long ago as Nov. 20, 
1958, the chief of the U.S. atomic 
aircraft, project, Maj. Gen. Donald 
J. Keirn, was saying he wouldn't 
be surprised if the Russians flew 
an atomic plane by the end of 
1959. 

The advantages of atomic air- 
craft power are told in the missions 
planned for it. Nuclear aircraft 
would constitute a continuous air- 
borne alert warning system, a 
supersonic mobile missile-launch- 
ing platform, and a weapon for 
low-level penetration of enemy de- 
fenses. At the same time, the A- 
plane’s great cruising range would 
lower air-defense costs by allowing 
more concentration of continental 
U.S. air defense fleets on our im- 
mediate territory and eliminating 
more frequent changes of air 
patrol. 

The Soviet A-plane is said to 
weigh 300,000 Ibs. (USAF’s B-52 
weighs 200,000 lbs.), has a 78-foot 
wingspan, and is 195 feet long—a 
rather extreme length apparently 
needed to isolate the crew from the 
nuclear fuel source. The airplane 
is powered by four large jet en- 
gines mounted on its delta wing. 
The two inboard engines are direct- 
cycle, nuclear-powered turbojets 
delivering 70,000 lbs. thrust apiece 
while the outboard engines are 
standard turbojets turning up ex- 
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actly half as much power. Air 
intakes of the nuclear jets are six 
feet in diameter; the nacelles are 
36 feet long. 

For the present, the main pur- 
pose of the two conventional jets 
is insurance against crash damage 
to the atomic jets during early 
flight testing. Expectations are 
that later versions of the bomber 
either will keep the conventional 
engines for sudden acceleration or 
will replace them with two more 
nuclear jets, once their reliability 
has been proven. 


The U. S. A-piane 


In the American atomic-aircraft 
program, emphasis has been on 
materials and reactor research, the 
aim now being to build a com- 
pletely tailored atomic aircraft—a 
brand new airframe plus a new 
engine wedded in well-researched 
bliss. The wedding actually could 
have taken place earlier, but Presi- 
dent Eisenhower’s advisors balked 
at using an existing airframe such 
as the USAF B-36 bomber or 
Britain’s big Saunders-Roe Prin- 
cess fiying boat to mount the new 
nuclear jets. About a year ago, the 
President vetoed the proposal for 
such an experimental atomic air- 
plane cobbled from a _ current 
bomber plus an added atomic re- 
actor; he voted instead for an 
operational military plane, ready 
for service. 

In a letter on the subject to Rep. 
Melvin Price (D., Ill), who is 
chairman of research and develop- 
ment subcommittee, Joint Commit- 
tee on Atomic Energy, Eisenhower 
wrote: 

“ ... If striving to be first were 
our shortest road to an operational 
military aircraft, we long ago 
would have pursued that course.” 

Congressman Price is concerned 
because he believes that the United 
States lags the Soviet Union in 


nuclear-aircraft development by 
three to five years. While he does 
not think the Russians are flying 
their atomic plane yet, he believes 
they have made considerable pro- 
gress—and that we must spend 
more, not less, on our project. 

To be sure, definite A-plane pro- 
gress has been made in the U.S. 

Earlier this year, not long after 
the first upsurge of interest in 
Soviet nuclear-aircraft progress, 
Frank W. Davis, Convair vice- 
president and general manager of 
Convair’s Fort Worth (Tex.) plant, 
said his firm was ready to begin 
building an A-plane as soon as it 
received an order for one. Convair, 
he stated, had solved the big buga- 
boo of A-plane design: safe crew 
shielding from atomic radiation. 
It had researched the field of light- 
weight shielding materials by fly- 
ing two atomic reactors in a modi- 
fied B-36 bomber. 

Back in January, 1956, General 
Electric and the Atomic Energy 
Commission began testing a GE 
turbojet engine, powered by nu- 
clear-reactor heat, at the AEC’s 
National Reactor Testing Station 
in Idaho Falls, Ida. These tests, 
the Western world’s first nuclear- 
aircraft-engine operations, proved 
the feasibility of the direct-cycle 
type of nuclear propulsion system. 
In the direct-cycle system, the same 
type used on the Soviet project, 
air is both compressed in the usual 
way by the turbojet unit and 
heated by the reactor for- added 
thrust force at the exhaust nozzle. 

The test engine, which the AEC 
describes as a laboratory model, 
was started on chemical fuel and 
gradually switched to nuclear 
power. The test reactor can be 
controlled both manually and auto- 
matically, according to Herman 
Miller, manager of design and 
projects for the GE plant at which 
this first test jet engine was built, 





Miller has stated 
that we now have in this country 


in Evendale, O. 


the necessary technology for build- 
ing nuclear aircraft. 

Both Lockheed and Convair have 
design studies for 
the U. S. Air Force Camal sic 


been making 


project, an A-powered plane, per- 
haps close to the B-52’s size and 
weight. Its mission would be to 
tote heavy payloads on long-term 
nomadic patrol in various parts of 
the world, always ready to go into 
with its air- 


action instantly 


launched missiles. 
Nuclear tiying boats 


For the least, the 
Navy’s approach is a prop-driven 


present, at 


atomic flying boat, possibly similar 
in airframe design to the Martin 
F6M SeaMaster or the Convair 
R3Y Tradewind. It would be used 
for anti-submarine warfare, early 
warning surveillance, or simply 
hauling cargo. 

wavs for 


Various getting the 


atom to propel both manned and 
inmanned craft are being re 
inder AEC auspices. At 


least seven 


searched 
fiving-vehicle nuclear 
reactor projects are now underway. 
At Arco, Ida. a direct-cycle sys- 
tem for powering manned ships is 
being tested. And at the AEC’s 
Eastern Idaho Station, 


facilities for ground-level testing 


Testing 
of an atomic engine with an air- 
scheduled for 
an autumn completion 

At the same time, Pratt & Whit- 
another type of 


frame structure are 


is testing 
nuclear aircraft power system in 
which turbojet compressed air is 
heated by a _ liquid-metal coolant 
from the reactor. For 
missiles, AEC 


actors for feeding energy to both 


pilotless 


projects cover re- 


rocket engines and ramijets. Tests 
of missile-reactor components are 
Jackass Flats, Nev. 
now, and full-scale test flights are 
expected by next vear or 1961. 


inderway at 


Finally, designs are underway 
on two reactors to deliver auxiliary 
power aboard space vehicles. 

When will U.S. airborne reactors 
really be flying in air or space? 
Both the Air Force and Navy hope 
to have their A-planes in service 
operations by 1964 or ’65. 

Yet atomic aircraft aren’t the 


only new flying machines which 


are not actually airborne yet. Rapid 


changes in military needs and ulti- 
mate planning for 
civilian air 


long-range 
transport constantly 
modified 


projects to the planning, testing, 


are bringing new and 


and prototype stage. 
Evolution —in a decade 


Today operational military air- 
craft in the Mach-2 


subsonic and the 


range are 
replacing both 
slower supersonic aircraft in quan- 
tity. The first Mach-2 bomber, the 


STATIC TEST of Redstone rocket 


takes place at Rocketdyne’ 


proputsiton lah neal Los {nae 


Convair Hustler, now is entering 
service. But what may be its youth- 
ful replacement, the B-70, already 
is well into development It is being 


> 


readied to replace the B-58 when 
even that aircraft’s metal-searing 
speeds are too languid to meet the 
competition. The evolution from 
piston-engine propeller aircraft to 
multiple-Mach craft has taken less 
than a single decade. 

While opinion—as well as_ in- 
telligence—has fluctuated recently 
importance the 
machine attaches 


on the relative 


Soviet military 
to aircraft, it is clear that even 
the Soviets’ 


various types of missiles have not 


score and more of 
upstaged their manned aircraft, be 
they supersonic, VTOL/STOL, or 
civil. Far from forsaking airplanes 
(as Life 
believe 


magazine would have us 
the Soviets are turning out 
aircraft at a great rate, says Lt. 
Gen. Francis H. Griswold, deputy 
SAC. He adds, 
nothing the Russians 


commander of 
“There's 


would like better than to have us 
abandon output of manned 
bombers.” 

The Tu-16 Badger is one proof 
of this. Two extra-large Mikulin- 
Zubets AM-3 turbojets, producing 
20,000 lbs. thrust apiece, power the 
121-foot-long bomber. Since 1954 
it has been built in numbers for 
the Russian version of our Strate- 
gic Air Command, called Dalnoga 
Aviatsiva. About 700 to 800 are 
believed to be in service now. 

Another proof is a new six-jet, 
delta-winged bomber going into 
service with the Soviet Air Force. 
Speed of this new bomber is be- 
lieved about 1,400 mph. 


Our history of pooh-poohing 


American air experts by now 
are understandably wary of under- 
estimating the numbers and quality 
of Soviet manned airpower. This 
because of a history of U.S. pooh- 
poohing followed by 
Soviet Air 
squadron strength. 

When the by-now-famed Mig-15, 


Supersonic 


Force maneuvers in 


faster, higher-flying, and more 
heavily armed than our F-86, ap- 
peared over Korean battlefields, the 
Air Force said the Russians could 
turn out no more than six a month. 
Soviet aircraft plants proceeded to 
build 10,000 of the excellent craft, 
and also built Russia’s counterpart 
of SAC’s B-52, the Bison, three 
years sooner than we had thought 
possible. 

In the United 
American 


North 
Mach-3 
intercontinental bomber, the B-70 


States, 
Aviation’s new 
Valkyrie, replacement for the B-52, 
has been scheduled for flight and 
delivery to SAC in 1962. Recently 
there have been doubts about the 
exact date of 70’s delivery because 
of governmental spending cuts. 
The plane’s six J-93 chemically 
fueled planned to 
push the big vehicle to more than 
2,000 mph and operational alti- 
tudes above 70,000 feet. The bomb- 
er’s stellar-inertial 


turbojets are 


bombing and 
navigation system will contribute 
to making the 
weather, all-altitude aircraft. Boe- 
ing has the 


Valkyrie an all- 


painstaking job of 
building the bomber’s wing. 
Typical of the kind of research 
going into today’s latest aircraft 
is a new pressure-sensor system 
to be developed and built by Hamil- 
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ton Standard Co. for the Valkyrie. 
Purpose of the system will be to 
regulate the position of engine 
inlet shock waves caused by super- 
sonic speeds 

Another North American pro)- 
ect, the F-108 
mental stage, will be a long-range 


, also in the develop- 


interceptor intended to replace the 
F-101B, F-102, and F-106. Hur- 
tling three times the speed of 

und at altitudes exceeding 60,000 
feet, the F-108 


J-93s, 1 


powered by two 
designed to find and 
vehicles 


destroy any enemy alr 


penetrating this continent’s early 


warning system 
The Mach-3 interceptor literally 


will be a mobile missile-launching 


platform, will carry atomic-war 


head missiles, and if war came, 


could 
insure that the majority of enemy 


according to its builders, 
would be destroyed outside 
S. borders and heavily populated 
areas of Canada 
International Telephone & Tele- 
graph has been assigned the job 
of developing and building, for the 
108, a traffie-control and mission 
system. This instrumenta- 
tion will take care of the ultra-fast 


ircraft’s navigation, identifica 


control 


tion-operations, communications, 
and landing-aid control 
At this 


both these 


writing, the future of 
advanced projects is a 
vague, lost in the blur of budget 
made by the Administration. 

Yet certainly one result of drop 
ping the Defense Department’s 
appropriation to $40.85 billion will 
be to rein-in the planned accelera 


tion of the two programs 


SPACE SUITS already are worn 
hy today’s high-altitude pilots 
Otherwise, accidental comple te 
decompression could ¢ plode a 


rue? Organs or bol his hlood 


The end of aircratt 
With the 


B-70 and F-108, aeronautical de- 


development of the 


signers will have gone about as 
far as they can go with aircraft 
principally because of skin-heat- 
ing problems such as those troubl- 
F-104 and Avro 
Arrow). Flight experts believe that 


ing today’s 
the next group or generation of 
flying machines after the Valkyrie 
and its interceptor cousin will be 
manned space vehicles, knifing well 
inside Earth’s 
but outside 99% 


gravitational field 
of its atmosphere. 
Until the last few months, few 
if any foreign fighter aircraft (as 
far as we know in this country 
have been regularly operational at 
altitudes above 10 miles. There is 
much to learn at this altitude—the 
reason why the Air Force has been 
flying its strange-looking Lockheed 
U-2 upper-air-research and weath- 
er-reconnaisance plane out of 


Laughlin Air Force Base, near 
Del Rio, Tex. 

To buoy its load of meteorologi- 
cal-data gathering instruments 
through the rarified air at 50- to 
60,000 feet and more, this single- 
Pratt & Whitney 
J-57) ship has an 


seat single-jet 
expansive, 
straight wing so wide that it has 
to be supported on its own out- 
rigger wheels when on the ground. 

With its 


and low fuel consumption, the sub- 


relatively low speed, 
sonic U-2 can stay up for extended 


periods, cruising, wheeling for 


hours near the spatial fringe. 
gathering data both on the upper 
altitudes and on ground features, 
out of visual sight and earshot. 

One of the most utilitarian com- 
bat aircraft currently 
Northrop’s N-156F Counterair, a 
fighter that flies faster than Mach 


2 and costs half or two-thirds as 


flying is 


much as comparable planes. 

It was designed for manufacture 
by NATO and SEATO 
nations where its 
work 


member 
economical cost 
would fewer hardships on 
their already-strained economies. 
As a part of its intended foreign 
operation, the Couwnterair is de- 
signed to fly from small, relatively 
poor landing fields and carry many 
varying models of armament. 
Reflecting this same need for 
military aircraft which can fly to 
targets from almost anywhere and 


do it at supersonic speeds is Bri- 


tain’s recently announced proposal 
for the TSR.2. According to the 
Minister of Supply’s statement on 
this multi-purpose RAF aircraft, 
it is to be developed on a 50-50 
work basis by Vickers Armstrong 
and English Electric. As a tactical- 
support and reconnaisance aircraft, 
it will be able to fly in limited 
operations, giving close support to 
the British army, and operating 
from shorter, less-durable runways 
if necessary. Hypothetical solutions 
to the TSR.2 design problem, sug- 
British magazine 
Flight, range from a swing-wing 
turbojet 


gested by the 


(folds swallow-tail fash- 
ion) to a tail-takeoff manned 
missile. 


Commercial tliying at Mach-3 


High-speed, ultra-high-altitude 
flying for commercial transport is 
an increasingly vital area of re- 
search. Some researchers have been 
prophesying a gradual, stair-step 
increase in speeds, but R. C. Se- 
Division, General 
Dynamics Corp., thinks not. In- 


bold, Convair 


stead, he foresees passenger trans- 
ports racing at speeds in the Mach- 
$ to 5 altitudes of 
60,000 feet and higher by 1970. 
In this same connection, Bristol 


range and 


Aero-Engines in England has made 
studies of combining ramjet and 
turbojet to fly a 150-seat airliner 
at 2,000 mph and 80,000 feet. 
None of this discussion of air- 
craft ramjets, rockets, spatial dab- 
bling, and manned controls is 
meant to create the image of flying 
in 1959 as being entirely toward 
the supersonic. As always, man will 
continue to choose the best ma- 
chines to fly where his needs take 
him. . 


NEXT ISSUE: 
Part 3, Tomorrow's Spacecraft 
Part 3 of “The Flying Machine: a New 


Era” will conclude this article on the state 


of aeronautical science. Part 3 will discuss 


future spaceflight considerations now un- 


der research: manned vs. remote-controlled 
craft; getting to the planets; an estimated 
timetable of space exploration; cooling nose 
cones; solid vs. liquid fuels; and more 
about the X-15's hypersonic flight. Tear- 
sheets of Part 1, 
Circle Letter S on the Readers Service Card, 


Aircraft, are available. 
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Research: 
opens 


Space Technology Laboratories is responsible for the over-all systems 
engineering, technical direction, and related research for the U.S. 
Air Force Ballistic Missile Programs. To carry out the fundamental 
investigations of those physical phenomena related to very advanced 
and long-range problems of space technology, STL established the 
Physical Research Laboratory. 

This laboratory is making significant contributions in experimental 
and theoretical research in the fields of controlled fusion and asso- 
ciated plasma physics, magnetoaerodynamics and low temperature 
solid state physics. 

Dr. Milton U. Clauser, Vice President of the Company and Direc- 
tor of STL’s Physical Research Laboratory, draws upon a rich back- 
ground of industrial, as well as academic, experience and achievement 
in charting the areas of research that will be important to the space 
technology of the future. 

The professional staff of the Physical Research Laboratory, the 
majority of whom hold the Doctorate, are supported by unusual 
shop facilities and a complete staff of technicians. Also available is 
an outstanding digital computing center within the STL complex. 
Scientists and engineers with competence and imagination in fields 
related to advanced cryogenics, fusion physics and magnetohydro- 
dynamic investigation, are invited to inquire about Staff positions. 


Space 
Technology 
Laboratories, 

Inc. 


P.O. BOX 95001, LOS ANGELES 45, CALIFORNIA 
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From the Kitchen to the Stars 


Already used as insulation inside the heating elements of electric appliances, mag- 
nesium oxide is destined for an important part in the drama of advanced materials 
technology. Unique properties, discussed in the column opposite, promise exciting 
possibilities in the coming conquest of space. Immediate applications are seen in 
the fields of refractories and atomic energy. If you have problems of extreme heat 


abrasion or corrosion, perhaps Carborundum can help. Write to Carborundum, 
Research & Development Division, Dept. SA-3, Niagara Falls, New York. 


Where conventional materials fail...call/ on 


CARBORUNDUM 


Registered Trade Mark 


ircle No. 58 on the Readers Service Card, page 99 





Unique refractory 
material from 
electrical fusion 


Electrically fused magnesium ox- 
ide is a white, crystalline refractory 
material of exceptional purity and in- 
ertness. Its melting temperature is over 
4,700 F It has a very high density that 
combats shrinkage problems in high 
temperature operations and its elec- 
trical resistivity at elevated tempera- 
tures is unusual 


HIGH PURITY APPLICATIONS 


As a refractory, bonded fused mag- 
nesia (over 98% MgO) holds great 
promise for use in crucibles in melt- 
ing work where contamination must 
be kept low. Nickel, cobalt and their 
alloys — and even uranium — can be 
melted in such crucibles for high pur- 
ity work. 


CONTROLLED GRAIN GEOMETRY 


Precise control over grain geometry, 
which permits controlled high-pack 
densities, leads directly to application 
in rammed linings for induction and 
arc furnaces and to investment molds, 
thermocouple swaging tubes and in- 
sulation for electrical use 


THE PROMISE OF DUCTILITY 


Current interest has been heightened 
by recent rocket and missile develop- 
ments and by indications that MgO 
crystals may in time make possible 
man’s first ceramic material to possess 
the quality of ductility. To learn more 
about this interesting material .. . 


@ec* | send for your 
FREE COPY of 
ADVANCED 
MATERIALS 
TECHNOLOGY 


A new quarterly publication dealing with 
materials for severe service applications, 
published by Carborundum. For your 
FREE subscription, write now! 


CARBORUNDUM 


Registered Trade Mark 
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TREN OL ET? £.R 


2nd quarter, 1959 


Dear Sir: 


Space and nuclear needs are making the 
search for tougher, more heat-resistant alloys almost 
desperate. 


Several metals are more heat-resistant 
than molybdenum, but none is nearly as plentiful. The U.S., 
with 90% of the world's known supply of.moly, now will be 
digging even deeper into its 50-year (at present production) 
reserve. 


Two reasons: 


s The recently announced furnace developed 
by the Bureau of Mines for producing castings of molybdenum 
--an outgrowth of the bureau's earlier titanium casting 
furnace. 








In production, the casting process will 
reduce costs by eliminating the many 
forging, extruding, or machining steps now 
required to make moly parts for missiles 
and electrical devices. 


The furnace utilizes a high-density electric 
arc in an inert atmosphere. When molten, 
the metal is poured through a series of 
troughs into a rotating graphite mold where 
it hardens. 1 


s A protective coating for molybdenum-- 
because it oxidizes too easily in air. 





The new coating, developed by NBS, is a 
two-layer, composite electro-deposited 
film of nickel over chromium. It prevents 
oxidation for more than 1,000 hours in the 
region of 1800 F. Turbine blades could 
benefit. 7 


(In next issue of I-R--''The World's Hottest 

Alloys ,''--one of the most comprehensive articles ever 

written on the state of the art of heat-resistant materials.) 
For more information 
on any of the number- 
ed news briefs reported 
in the Research Trend- : : 
letter, use the postage- Aluminum's slashing attack on the metals 
free Readers Service 
Card on page 100. metais 
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market continues. The biggest battle is in the construction 
end, where it already has been successful. 


Look for more innovations. Alcoa alone is allocating 
$18 million for research. As aluminum output capacity grows, 
so do demands for new markets. Two new producers: Harvey 
Aluminum Inc.; Ormet Inc. 3-4 


Meanwhile, U.S.Steel Corp., in an attempt to compete 
with aluminum in its own territory, is bonding vinyl plastics 
on steel sheets for use in furniture, TV cabinets, wall panels, 
etc. The plastic-covered steel can be given a surface texture 
ranging from linen to leather. Price is just over 6-1/4 cents 
a pound. 5 








U.S, Rubber Co. has a new process for coating steel 
with plastics. It is being licensed now. 


Vanadium alloys have been produced successfully for 
the first time. The highly workable alloys (as malleable as 
gold) retain their strength at temperatures of 1200 F to 
1500 F, can be welded, and have a strength-to-weight ratio far 
superior to titanium. 


Now vanadium sheet—for aircraft and other applications 
—can be made. Developer is Armour Research 
Foundation. 7 


Yttrium, a metal long considered too brittle for 


structural uses, has been transformed into a pliable, easily 
formed material. Important applications in nuclear reactor 
and missile designs are in the offing. Yttrium offers low 


resistance to the passage of neutrons and has a melting point 
of 2825 F. 8 








minerais 


Just as putting carbon under ideal pressure conditions 
has created laboratory diamonds, scientists now are making 
artificial jade and quartz from albite. Harvard scientists, by 
duplicating what may go on in the deep interior of the earth, 
hope to understand the evolution of the earth's interior. 


On the commercial side, large-scale domestic 
production of synthetic quartz would cut U.S, dependence 
on Brazil as chief supplier of natural quartz. Large 
synthetic quartz stones (pictured), ''grown'"' by Bell Labs 
and Western Electric, are of excellent quality. Growth 
rates in excess of 60 thousandths of an inch per day have 
been achieved. The Bell System uses quartz for filters, 
oscillators, and frequency standards. 10 








Ocean-bottom miners could supply much of the world's 
manganese, nickel, cobalt, and phosphorous. Little publicized, 
but largely important, are two ocean-bottom "'strikes"' off the 





U.S. southeast coast. Someone with the right methods could 
do a land-office business deep in the Pacific bringing up 
minerals from their watery hideouts. 


These may make landlocked reserves look like ant hills. 
Estimates of the Atlantic's fertility in both food and 
mineral reserves are being doubled. The Navy has 
commissioned two vessels exclusively for oceanography. 
A third goes to work this summer. "W 








Atomic blasting for commercial purposes—project 
Plowshare—will get underway when the U.S,'s self-imposed 
ban on nuclear explosions ends late this year. 


Washington has announced willingness to experiment 
with an underground atomic blast as an economical way of 
extracting petroleum from rock shale—if oil firms are willing 
to help foot the bill. 


Bureau of Mines reports an estimated 300,000 tons of 
shale might be freed by a single 10-kiloton blast at one 
possible Colorado site. This could yield an average of 
15 to 20 gallons of oil per ton. 12 


There also is serious talk of detonating a 10-kiloton 
nuclear device in the New Mexico Salado salt basin. 


AEC believes that the energy stored as heat might be 
released in the controlled manner by use of a transfer 
agent such as water, carbon dioxide, or nitrogen. It 
could be used industrially or in the production of 
electric power. The Commission claims that power and 
isotopes might be produced in this manner less 
expensively than by other techniques. 13 


Pre-packaged power .. . Components of Martin Co.'s 
forthcoming pre-packaged nuclear power reactor will be small 
enough to be air-lifted to a remote site and rapidly assembled. 





The plant will be capable of dis-assembly and removal 
to a new site . . . something that can't be done with 
present models. The AEC chose Martin from nine 
industrial bids to design and build the reactor for use at 
remote military bases. 14 


Three pounds equal five watts . . . AEC officials 
predict the weight of future models of its current saucepan- 
sized atomic device (''Snap III'') may be reduced to three 
pounds. At the same time, electrical output could be boosted 
easily to five watts. 





The battery produces dependable current for a year or 
more. It works on the principle of two unlike metals 
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generating electricity in the presence of heat, Snap III's 
metals are lead alloys; its heat source is a quarter-inch 
pellet of radioactive polonium. 5 


electronic components 


One of the trends in electronics is toward micro- 
modules—circuit building blocks measuring a fraction of an 
inch. Another is toward a vast new array of electron tubes. 


The Army and RCA announced radios as small as sugar 

cubes (pictured), and hailed it as the beginning of the 

'cubist'' era in electronics in which equipment 

reductions of 10 or even 20 to one will be possible. 16 


Tubes aren't dead yet. 
The ''cold cathode"' tube announced by the Army and 


Tung-Sol Electric Inc. may have as great an impact on 
electronics as the discovery of the transistor. 





The first significant change in tube design in 30 years, 

the cool-running tube is extremely resistant to heat and 

atomic radiation, can be miniaturized, and is of 

unprecedented reliability. Ordinary tubes require a 

red-hot cathode element to generate needed electrons. 

This heating takes a large percent of the power. In the 

new tube, the hot element is replaced by a cold cathode 
—a tiny nickel cylinder specially coated with porous | 
magnesium oxide. Instead of heat, a high voltage field 

causes the electron flow. 7 








Of the 12 new tubes displayed by General Electric at the 
recent IRE show, the low-light orthicon was perhaps the most 
interesting. Sensitivity is nearly 20 times greater than 
previous low-light orthicons—for resolutions greater than 200 


TV lines when the tube is scanned at standard frame rates. 








Applications: military operations such as flying tankers 
refueling during darkness .. . detection of traffic 
accidents at night . . . fluoroscope viewing with low 
radiation, thus safeguarding patients from overexposure. 
18 


The use of ceramic to metal seals (pictured), instead of 
glass to metal, allows the electronics engineer to make tubes 
which he can bake out at temperatures near 700 C—some 300° 
hotter than with glass—producing better vacuum and more 
efficient cathodes with longer lives. Recent investigations by 
Ferranti Electric Inc. show it's possible to make vacuum-tight 
seals to pure alumina at a brazing temperature of 1250 C. 19 
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RCA's new "'Ultrascope,"' an electron tube that forms 
part of a new eyepiece for existing microscopes, allows direct 
visual focusing of an image under ultraviolet light. A 
commercial model of the ultraviolet image-converter unit 
soon will be produced by Bausch & Lomb for industrial 
research of organic materials such as latex, nylon, tobacco, 
paint, and food. 20 


Because of the complexity of problems being put to 
computers, a trend is toward connecting several computers 
together in an integrated network to develop more powerful 
systems. The National Bureau of Standards has been studying 
methods to resolve the many difficulties of such a network. 


Two problems stand out: 


=» Devising an efficient scheme for enabling all the 
computers to share among themselves, automatically, 
the total work load undertaken by the network. 


s Designing a machine instruction system that can carry 
out these complex operations effectively and yet be 
simple enough to code easily. 


Significant result: the beginning of a new NBS Pilot Data 
Processor, a multi-computer network with powerful data- 
processing capabilities. 21 


Library automation .. . Selector equipment 
(diagramed) has been developed to sort specific data on 
corrosion and metal protection topics from an extensive 
abstract reference library. The original data are coded and 
punched on cards, which then are photographed on 16 mm 
film. 








In the selection operation, the film is scanned at 200 
frames per minute by a light beam and photoelectric cell. 
Correspondence of code patterns with holes in a pre-punched 
search card "blacks out'' the photoelectric cell and registers 
the serial number of the relevant reference on a paper strip. 

22 














transportation 


With more and more demands for economy and less 
room on the highways, ingenuity has hit a new peak in the 
transportation business. The trend—more moving at less 
cost. 


=s Baggy flat trucks ... U.S. Rubber Co., producer 

of large bags for hauling liquids on flat trucks—thus 
helping eliminate empty truck trips—has plans for a bag 
able to carry 500,000 gallons. The bags are versatile, 
inexpensive, and easily stored. 23 
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s The British have devised a large floating flexible 
sausage-skin (pictured). Not only can it carry up to 

400 tons of such liquids as kerosene, it hauls solids too. 
The 100-foot sausage, five feet in diameter, is a tubular 
skin of woven nylon fabric impregnated with rubber. It's 
impervious to oil on the inside and to sunshine or salt 
water on the outside. 24 





Reversing the trend toward economy on the highways is 
General Motors' Firebird III (pictured). Suggesting that 
commercial autos have not reached their ultimate in lowness 
or tail-finness, the experimental car is 49 inches high in the 
middle. 2s 


The formerly obsolete electric auto is coming back. 





The new Stinson Aircraft Tool & Engineering Co., in San 
Diego, and Cleveland Vehicle Co., in Cleveland, are building 
electric autos and trucks respectively. 


The Stinson ''Charles Town-About" has two 3.2 hp 
electric motors, must be recharged every 100 miles or 
so by plugging into 110-volt household outlets, sports a 
streamlined fiberglass body, can go 58 mph, and sells 
for $2,800. First buyers are the utility companies—for 
promotional uses. 26-27 


Today you can get a paint for almost any job. The 
research trend is to take the "almost" out of that statement. 


Cold exterior walls and warm moist interiors are the 
chief cause of paint blistering in frame buildings. Water 
vapor, migrating through walls from the inside, becomes 
trapped behind standard oil-type paints which do not 
"breathe.'' 


Du Pont researchers have come up with a combination 
paint containing a special primer and acrylic emulsion 
that is "breathable.'' Used over bare or burned-off 
wood, it is said to prevent blistering in nearly all cases 
(pictured). 28 


Two new nickel-containing pigments have been developed 
to make yellow paints that retain their color even in 


temperatures higher than 1000 F. They're impervious to 
acids. 


The paints can be used in outdoor and masonry paints 
and in automotive or industrial finishes where a 
permanent yellow color is desired. Until now, yellow 
paint was especially susceptible to ravages of sunlight, 
heat, and corrosive atmosphere. 29 





While the Army is seeking a new self-luminous paint 
that can be seen in the dark easily for at least five years, 
Naval Research Labs indicate that self-luminous light 
sources, excited by the radioactive isotope krypton-85 have 
an "attractive potential'' for low-level illumination. 





Radioactive hazards have been assessed and found 
negligible. Flashlights, aircraft drogue lights, lanterns, 
warning signs, and emergency equipment markers have 
been fabricated. 30 


The risk of ice formation in the fuel systems of jet 
aircraft—and the engine flameouts that usually result—now 
can be eliminated. 


Water in the fuel, whether free or dissolved, is 
attracted to small pellets about the size of rice grains, 
called ''molecular sieves.'' The sieves were developed 
by Linde Co. and Armour Research Foundation. 3 


Safer chuting . . . Reliance Manufacturing tells of the 
first major parachute design in 50 years. The novel chute 
(pictured) is equipped with sail-cloth blades that spin like a 
helicopter's rotor. 





Tests are being made by the military interested in cargo 
air-—drops and missile recovery, and by two aircraft 
manufacturers interested in slowing down jet planes in 
landing. The chute has low shock on opening, will not 
glide, is light-weight, and has twice the drag efficiency 
of an equivalent conventional chute. Ground injuries are 
minimized because it collapses readily on the earth. 32 


A throttle for a rocket engine has been developed by 
Thiokol's Reaction Motors Division. The device will allow the 
speed and direction of the rocket to be controlled after 
launching, since all the fuel will not have to burn up 
immediately on launching. 





From the Navy's China Lake, Calif. station comes word 
that some rockets in ground tests have been throttled 
down to run as long as four hours. 33 


now available: 


Fresh water from the sea at less than 85 cents per 


1,000 gals. . . . A new type of distillation unit now is being 


marketed by The Griscom-Russell Co. for plants using about 
2 million gallons of water per day. 34 
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Skin diving suits in colors, for greater visibility ... 
The safer suit (pictured), developed by Skope Mfg. Corp. is 
reportedly warmer than conventional neoprene suits, and 
buoyant enough to eliminate the need for carrying extra safety 
devices under water. 3s 





A two-way radio-phone ... The RCA units, for 
sportsmen and farmers, weigh about 10 lbs., have a range of 
a few miles, cost about $100 each. 36 





First ''completely'' portable AM-FM .. . The Sony 
Corp. in Tokyo has come out with a 15-transistor, 4- 
germanium diode, l-varistor radio. It's worn as a belt 
buckle. 37 





New adhesive ... Eastman's "910 Adhesive" is the 
first to achieve fast, strong bonds between virtually any 
combination of materials—metal, wood, glass, etc.—without 
heat, pressure, or solvent. 38 





Plastic for general repairs . . . Williamson Adhesives' 
"Plastic Mastic''—a combination of the tough, hard, and 
durable characteristics of epoxy and polyamide resins—has 
both non-flammable and non-irritation advantages for 
repairing masonry, tanks, plumbing, furniture. 39 








Industrial floor material . . . Dow's epoxy mortar— 
possessing extreme resistance to chemical corrosion and 
physical wear—is claimed usable where nothing else works 

. . for plants using acids, alkalies, oils, greases, etc. 40 


Fire-retardant acoustical tile . .. The first acoustical 
tile ceiling to gain a two-hour "'fire retardant time design 
rating" in tests has been developed by Armstrong Cork Co. 
The heat-resistant system results from a tight dove-tail 
design in the edge of the tiles (pictured). a 





Rare earth oxides data sheet . . . Information on the 
oxides of scandium, yttrium, lanthanum, cerium, samarium, 
and the other rare earths is available from Research 
Chemicals Division of Nuclear Corp. of America. 42 





Sealed-—beam projection lamps .. . Similar in principle 
to sealed-beam auto headlamps, the Westinghouse lamps are 
said to give brighter pictures for less wattage in film 
projectors. They eliminate need for projector condenser lens 
and reflector. 43 





Plastic-impregnated bearings .. . Long-lasting, low- 
friction bearings eliminate need for lubrication in many 
mechanical applications. Using fabric yarn immersed in a 
solution of Union Carbide phenolic resin, the bearings are 
made by Russell Mfg. Co. 44 





Sincerely, 


Welte, Toe 


INDUSTRIAL RESEARCH 


For more information on any of the numbered news briefs reported in the Research 
Trendletter, use the postage-free Readers Service Card on page 100. 
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Meets Seemingly Impossible 


Operating Conditions 


Operating Ranges 


Temperature 400° to 1000’ F. 
Pressure 500 psi 
R.P.M 80,000 plus 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
‘haracteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity 


Design Advantages 


The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 

and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressure, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 


How C/R’s New 


Metal Bellows Seal 


temperature of 500° F. with no adverse 
effects 

A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a 4 in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals 

The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 


Virtually any known liquid or gas may 
be positively sealed with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 

Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 
sealed commonly acts as the lubricant 
and may be merely hot gas. 
Materials 


Sealing faces and mating rings for the 
C/R metal bellows seal are available in 
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a variety of materials including carbons, 


carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 


Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal 
problem. 


to solve your 


Helpful Design Data: 


We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal 
Just write for Bulletin MBS-1 on your 
company letterhead 





CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1295 Elston Avenue © Chicago 22, Illinois 


Offices in 55 principal cities 


In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 
Export Sales: Geon international Corp., 
Great Neck, New York 
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use of gasoline as an aircraft fuel 
may be evident in the next decade. 
The replacement: burnable metals. 
RESEARCH FOR THE INVESTOR Jet engines, notorious for thei 
high fuel consumption, need better 
“vas.”’ Boron, beryllium, aluminum, 
and graphite are good prospects. 
They require a lot more research 
for fuel use, but when savings are 


added up the field is well worth in- 


Electronics tate usable at bulk oil temperatures . . : : 
: : ie : vestigating. Diborane and pentabor- 
ip to at least 400° F and 500° F : 
ECENT Licitty in financial news : ane, for example, yield savings of up 
respectively OAC » 
ape! out transistor failures and to 34% over fuels now in use. 
= 
it I tor be priced out of 
the market appears untrue \ tremendous rise in world plastics Aircratt 
lransistors are more reliable than production during the next 10 years The first executive jet transport, 
‘ nm most applicatior highly probable. World plastics a Lockheed Jetstar, has been ordered 
Rake  vear almost doubled production could reach 27 billion by Continental Can Co. for 1961. 
er the ear betore lransisto pounds by 1969, triple present output. In it, Continental men will be able 
inufact ‘ ld 4% lion of the The most rapid growth In plastics to fly from Chicago to San Francisco 
58 for almost $11 n production has been outside the U. S. in just over three hours 
-roductio ) ation te foreign ; 
male ul eal . rn eve I luctior of plasth by foreign Although private and commercial 
countries has quadrupled in the last jets are without a doubt the coming 
° 10) year vhile it has only tripled thing, their present and near-future 
ner use may not be the economic bonanza 
Chemicais Phe research goal s to produce foreseen by manv airlines At least 
Che ‘ companie sre researc} high and low-temperature plastics not until the air-traffic problem is 
} fluorinated alcoho is the and to lower the cost of present re thoroughly researched and solved 
ants for use at the hicl nforced plastics. (For a summary of It now costs $7 a minute to keep 
temperature inticipated . future the current state-of-the-art of rein- a pure jet circling above an airport 
et eT ne forced plastics, see article on page 8&1 waiting to land. A turbo prop costs 
ne pi pound of tl e.) $4 a minute. Project this annually or 
roun far al t fluoroalkyl can ° the basis of 20 aircraft having four- 
rate ! fluoroalkyl pyromell \ gradual—and then a fast—dis minute delays each flight, and the 





HERE ARE A FEW EXAMPLES OF THE PROBLEMS 
WE ARE PREPARED TO SOLVE 


You Can Afford This 








eee ee General Electric 
aw ae Computing 
| — Service: 


HOURS PERFORMED 





Pr ict or orgar ition simulation ad 
. 00 
Ot eaewting — 
7 
| 
\ r f General | 
( ! 1 al 
luca 
- j ; higt I2@ | 
" ‘ aff of 70 - —_ -s ~ 
the applicat field t’s true! The programming and computer time to solve desigr 
F r problems for a series of telescopes 16”, 36”, and possibly 400” —twice the size of 
ine al ' - . 
, ; . the largest telescope now in existence —figured out to approximately 30 cents per 
> aan hagas ‘dae , engineering man hour! It is estimated that a team of 3 mathematical analysts 
, i J : 
‘ tterhead. t would have required more than one year of manual calculation to solve these 


complex problems 
Perhaps you have a problem General Electric could solve with similar savings 


For complete information 30:s Windsor 5] Phoenix 


Ge tl Electr Company 
Computer Department, Room 11 
Deer Valley Park, Phoenix, Arizona PA 10B 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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difference is $2 million a year. This 
represents a respectable profit for a 
medium-sized airline. 

s 

Despite the government’s almost 
frantic emphasis on building a nuclear 
airplane, the more that engineers in- 
vestigate it, the more convinced they 
become the problems involved are 
insurmountable—at least for some 
time. 

Shielding weight is the big prob- 
lem. So are runway lengths and the 
certainty that accidents would un- 
leash radioactivity into the atmos 
phere. 

More logical project: a nuclear 
spaceship. In the absence of a crew 
and an atmosphere, all of the prob- 
lems above vanish. Watch for a trans 


fer of funds and possibly contracts 
Nucleonics 


Nuclear power, in this country at 
least, is not nearly competitive with 
coal power. Reason: plant and equip- 
ment already exist for coal genera 
tion; coal is plentiful; reactors are 
expensive. Many economists thus have 
cited 25 years as the time before 
uranium could compete with coal on 
a cost per kilowatt basis. 

Now, General Electric is confident 
that economical nuclear power can 
be attained in many parts of the U.S. 
by 1965. The company is bullish be 
cause of the outstanding performance 
of two experimental boiling wate) 
reactors now completed. Both have 
produced up to three times the de 
signed capacity in heat output. 

Estimates vary between 40 and 
200 small and large nuclear power 
reactors expected to be built during 
1e next 10 years in the U.S. 

2 
While economical nuclear fission is 
at least predictable, nuclear fusion 
s still nebulous. Realistic estimates 
ndicate another 10-years’ work is 
required for the necessary research 
breakthrough. 


This would be the “break-even” 


point—the capacity of experimental 
devices to turn out as much energy 
as is fed in to create fusion. Con- 
siderably more time will be required 
after that to develop industrial 
fusion facilities. 
a 

In spite of the 1958 recession, the 
radiation instrument field hit a new 
all-time record last year. Continued 
expansion is seen for the balance of 
1959 in the use of radioisotopes for 
ndustry, medicine, agriculture, edu- 
cation, and industrial research itself. 

Various applications of radioiso- 


topes now contribute about > 


billion annually to the economy. The 


continued on age «a 





NEW PRECISION VARIABLE 
RESISTOR with no sliding wiper 





These Rotary Metallic Film 
Potentiometers Super 
are the perfection of years of | reliability 


“ is inherent 
research and development through 


unique 
manufacturing 
techniques 


FEATURES: 


Complete Hermetic Seal 
infinite Resolution 

High Temperature Operation 
Long Life 

Low Torque 

Exceptionally High Accuracy 
Extremely Low Noise 


*eee#ee€e#es 


A patented compression contact eliminates the wear or 
friction caused by usual wiper contacts. A precious metal 
capsule contact provides dependable long life operation. 
The deposited metal film resistance element is encased 
and hermetically sealed. The ultimate in craftsmanship 
is employed in the manufacture to produce a potenti 
ometer unparalleled for performance. This new con 
cept of design makes possible super reliability under the 
most severe environmental conditions such as those en 
countered in airborne, missile and satellite applications. 


S c TECHNOLOGY INSTRUMENT CORP. 





537 Main St P. O. Box 3941 
Acton, Mass 2 No. Hollywood, Calif. 
COlonial 3-7711 POplar 5-8620 
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is programmed by AMPEX tape recorders 


haping parts for new Lockheed Electras. adequate for many of today’s less-sophisticated automatic con- 

s are being defined by command signals—as trol installations, systems engineers are increasingly interested 

200 per second—from the Ampex F R-100 in the control in the superior speed and data-handling advantages of magnetic 
» the right of the machine. tape. An Ampex FR-300, for instance, can extract a short burst 
ich a milling operation increases with the of digital information equal to that on an entire punched card 

ned per inch of tool motion. One reel of in less than 4 milliseconds, including start and stop. 

millions of points, programming up to In configurations like the one illustrated, the advanced Ampex 


peration. Recycling a tape F R-100A, with its 14 tracks on 1-inch tape, has ample reserve for 
a! | " . . . . 
of identical work-pieces, extra functions. Six tracks may be used for tool-position coordi- 


from Ampex-equipped auto- nates; others for start, stop, coolant, or even voice instructions. 
yroduct 1 oO ation ¢ , 
production operation at Whether 
Martin at Denver, Roh 


ind San Diego, and Gid 


you believe the future of automatic control lies in 
point-to-point positioning, continuous-path control, or both— 
Ampex magnetic tape recorders have built-in reserve capabili- 


; 


W ; : 
ties which make them worthy of consideration as a component 


ver tape are still proving for any control system designed for tomorrow’s needs. 


First in magnetic tape instrumentation AMPEX INSTRUMENTATION DIVISION 
X| 934 Charter Street, Redwood City, California 


ae 


| Offices in USA and Canada. Engineering representatives cover the world. 
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Stimulus to business thin 





j provocative study of the philosophica engimeering 
psychiatric, and industrial applicatior of ome 
revolutionary neu deve opment i advanced con puter researel 
j critical review of thliminal pe ception and its use 


im industry, advertising, teaching, and mowe-mal ing 
Did the “hidden sell” die. or did it ever exist? 





Deci 1Ons in Organizatia are ost mtorce 
J , 
a Lae and sametimes made i bu one man alone 
R 7 ) / } } j | find 
if earch mnTrO puSive aecision réevedis One ‘niu ‘a nang 


What makes the technical mind tick? How can management 
wind the technical clock for.a moother-running engineering 
feam / How hest to sell products to technical buyers? 
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by Nell P. Ruzic, 


editor, Industrial Research 


Neil P. Ruzic is a general-purpose 
self-organizing system somewhat sim- 
ilar to the devices described on these 
pages. As founder, editor, and de- 
signer of Industria] Research maga- 
zine, he exhibits some of the versatil- 
ity of tomorrow's automata. His 
background for this story includes a 
degree in journalism and psychology 
from Northwestern University (1950), 
psychological novel writing, science 
fiction writing, editing an Institute 
of Radio Engineers journal, and 
work for five years at Armour Re- 
search Foundation of Illinois In- 
stitute of Technology. Ruzic started 
as a photo-correspondent in Latin 
America, worked as a crime reporter 
for a daily newspaper, and entered 
science writing at Armour, where he 
later became supervisor of the pub- 
lications section, and then a con- 
sultant. One of the ARF publications 
he edited, The Frontier, won first 
place in the International Council of 
Industrial Editors’ annual awards 
competition. Ruzic has written num- 
erous science articles for magazines 
and encyclopedias. Two of his books 
—There’s Adventure in Meteorol- 
ogy and There’s Adventure in 
Civil Engineering—were published 
recently by Popular Mechanics. 


**Ready?”’ the scientist asked. 


I nodded, took a steaming towel from the sterilizer, 
and held it over the brain which he was lifting out of 
the lower cranium: He carried it over to the glass vessel 
and submerged it in the serum, fastened the rubber 
tubes to the vertebral and internal carotid arteries, and 
set the pump in motion. 


“Better hurry,”’ he said, pulling off his gloves. ‘They 
may come for the body any minute.’ His face suddenly 
looked gray and shriveled. He nodded toward the body. 
“Better get him in shape. Stuff some cotton in the skull 
or the eyes might fall in.°” 

And so another fictional brain has been stolen: 
this one Donovan’s Brain in the novel by Curt Siod- 
mak. The brain, removed from its housing (before 
the eyes fell in) resides in a glass skull, feeds on serum 
through an artery, and warms itself in ultraviolet 
light. 

The brain of any animal, such as man, has an 
electric beat that is conducted by neurons—cell path- 
ways of the nervous system, like wires in a robot. 
All cells show varying degrees of mechanical, thermal, 
chemical, and electrical activity. 

By means of this activity, Donovan’s brain mana- 
ges to communicate with the Siodmak hero and a 
story is born. Melodrama? Yes. But a vivid summa- 
tion of man’s many attempts, at least theoretical 
attempts, to isolate the stuff of thought, to harness 
a brain, and thereby create intelligence. 


is life essential tor intelligence? 


The tubes, vessel, generator, motor, amplifiers, 
encephalograph, pump, u-v source, etc. that sub- 
stitute for the fictional brain’s body are artificial. 
The heart, lungs, nerves, blood, and gristle of the 
man are divorced and discarded, already decaying 
in the hot sun. In view of this, would such a brain be 
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considered living or non-living? Is flesh-and-blood 
life essential for intelligent thought? 

It’s an old question; one that made yellow head- 
lines in the sensational supplements of the 40s when 
“electronic brains’’ became popular; one which at 
that time had little meaning because the theoretical 
differences between electronic and biological systems 
were so vast. Today, though, the differences are 
minor and the question has validity. 

Instead of taking a living brain and converting it 
into a machine, why not build a brain artificially —a 
machine in which every essential function of the 
living brain is reproduced faithfully? Although they 
hardly regard their work so dramatically, this is ex- 
actly what a few dozen scientists in the United States 
and England are trying to do. 

In the last very few years, an electronic-phycho- 
logical revolution has been taking place. A British 
research physician and physicist, Dr. W. Ross Ashby, 
has designed, both on paper and with a machine 
called a “‘homeostat,’’ a mechanistic brain that is as 
adaptive as an animal—and in probably the same 
way. 

A young American psychologist at Cornell Aero- 
nautical Laboratory, Dr. Frank Rosenblatt, has 
designed an automaton he terms the “perceptron.” 
Now being constructed under military sponsorship, 
the still-theoretical device has been publicized widely 
as being capable of perceiving, recognizing, and 
identifying its surroundings without training by man. 

Other researchers—at MIT especially, and at 
Harvard, London University, the National Bureau 
of Standards and England’s counterpart, the British 
National Physical Laboratory in London, the Uni- 
versity of Illinois, Syracuse, McGill University in 
Montreal, University of Michigan, Washington Uni- 
versity in St. Louis, and Princeton—have been work- 
ing on problems relating to the mind-machine prob- 
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lem under the watchful eye of the government and a 
score of industrial computer companies. 


The pattern: a ‘brain’ after a brain 


The approach of these university men is radically 
different from mechanical “brain’”’ research of the 
past. While they are a mixture of mathematicians, 
psychologists, physicists, neurophysiologists, zoolo- 
gists, and electrical engineers, their approach is psy- 
chologically oriented, rather than following the more 
conventional computer-disciplines of electrical me- 
chanics. They are attempting to pattern a “brain” 
after a brain. Their work—reminiscent of man’s 
earliest (and latest) attempts to fly by copying the 
flapping motions of birds—is directed toward proving 
that a system can be both mechanical in nature and 
yet interpret its own environment. 

This is thinking. 

Ramifications, thus, are widespread. 

Aside from the doctrine of evolution, Darwin 
taught the principle of naturalism—that in life and 
in mind the same cause always will produce the same 
effect, that the biological system called man is a 
part of nature, that his behavior is as natural (not 
supernatural) as the behavior of a hydrogen atom 
combining with an oxygen atom to form a water 
molecule. 

Philosophers and historians have shown how this 
principle has begun to transform the views of all 
man’s institutions: government, religion, war, wel- 
fare, education, art, literature, love, etc. If intelligent 
automata*can be developed fully, this transformation 
of how man regards himself will be complete. 

What is the difference between the new self-organ- 
izing systems, which after all are only electronic 
machines, and the “old-fashioned” 704s, Univacs, 
Eniacs, Maniacs, and the rest which never are called 
“brains” by the initiated? 


* pronounced au-tom’-a-ta 





The differences between the new self-organizing systems — 


automata—and present-day computers will be as vast as the 


differences between computers and office adding machines. 


The 704s make decisions and exert control—two 
functions similar to those of the biological brain. In 
this sense they calculate—and much faster and more 
accurately than a living brain. But they do this only 
after a human being “programs,” or interprets their 
environment, for them. Thus, unlike a Viceroy smok- 
er, they do not think for themselves. 


Environment interpreted by machine 


The third essential function of the biological brain 

interpretation of environment—now has been in- 
troduced into machine theory. At least two primitive 
types of machines with this ability have been built. 
And more advanced intelligent automata are cur- 
rently under construction. 

Ashby’s Design for a Brain (the title of his book), 
seizes on the essence of difference between computers 
and automata. Ashby speaking: 

“The aims of the two designers [of computers and 
automata] are very different. The designer of the 
computer wants something that will carry out a task 
of specified type, and he usually wants it to do the 
work better than the living brain can do it. Whether 
the machine uses methods anything like those em- 
ployed by the living brain is to him a side-issue. My 
aim, on the other hand, is simply to copy the living 
brain. In particular, if the living brain fails in certain 
characteristic ways, then I want my artificial brain 
to fail too; for such failure [in these characteristic 
ways] would be valid evidence that the model was a 
true copy.” 

This approach, aside from attaining such “valid 
evidence,’ should make the model function as a 
living brain: learning as a baby learns (self-program- 
ming), making mistakes (misinterpreting environ- 
ment), profiting by them (feedback), and doing better 
the next time (adapting intelligently). 





Ashby, who writes in a rigidly precise manner, 
allows himself no subjective leeway. Learning has no 
necessary dependence on consciousness. Conscious- 
ness, therefore, is not a requirement of intelligence. 
It is merely a side-effect. 

Ashby, of Barnwood Hospital, Gloucester, Eng- 
land, illustrates the independence of learning and 
consciousness like this: 

“If a cyclist wishes to turn to the left, his first 
action must be to turn the front wheel to the right. 
Otherwise he will fall outwards by centrifugal force. 
Every practiced cyclist makes this movement every- 
time he turns, yet many cyclists, even after they 
have made the movement hundreds of times, are 
quite unconscious of making it. The direct interven- 
tion of consciousness is evidently not necessary for 
adaptive learning.” 

Science can deal only with what one person can 
demonstrate to another. However vivid consciousness 
may be to its possessor, there is no method known by 
which he can demonstrate this experience to another. 
Until such a method is found, the facts of conscious- 
ness cannot be used in science. 

How, then, can we say that an intelligent machine 
is not conscious? And if it is conscious, has man 
even without synthesizing protoplasm—-created life? 
(Ashby, for instance, feels that his machine is cap- 
able of evolution through mutation and natural 
selection. ) 


The perceptive perceptron 


These are problems for the philosophers. But what 
of the practical ramifications in psychology and psy- 
chiatry, engineering and industry? To begin to answer 
that, let’s explain another, more recent, design for a 
thinking automaton, Dr. Rosenblatt’s perceptron. 

The perceptron, immediately after manufacture, is 
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Bizarre question is posed by evolutionary 

drawings that compare proportions of various biological 
and mechanical thinking machines. Left to right: 
gorilla, chimpanzee, man, univac... 


a baby. When it’s first exposed to a stimulus, the responses which occur are random. Time goes on, and with it 
learning. Changes which occur in the association system (a set of components analogous to the association system 
in the living cortex) cause individual responses to become more and more specific to well-differentiated classes 
of forms, such as squares, triangles, clouds, trees, people, etc. 

Here is the process—as illustrated in the diagrams below: 


human): The retina in the eye 
or other receptor point in other senses, 


Living brain 
uch as an 
eardrum) receives rays of light (or sounds, etc. The 
light, which for example comes from the whole scene 
of a baseball being hurled at you, initiates electro- 
chemical impulses which are channeled to a projection 
area in your brain. 

From there, the impulse travels through random 
nerve connections to an association layer also in the 
cortex. Feedback occurs between the cells in this as- 
sociation area. It has been hypothesized that this is 
the influence of memory and experience, and the im- 
pulse is thus modified. 

The impulse then goes to the motor cortex, feeds 
back between the cortex and the association area, 
and controls the way your arms swing the bat. 

The big mystery here is how the apparently unin- 
telligible tangle of nerve connections in the associa- 
tion area manages to record the fact that a beam of 
light is actually seen, and how it is seen as a pitcher 
and a baseball diamond and a white ball streaking 
through the air—and how the impulses of ball- 
streaking-through-air are interpreted so as to select 
the appropriate response channel and no other. 
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Mechanical brain (perceptron): The “retina” 
is a set of components that receives rays of light from 
the baseball configuration. The electrical impulses 
from the light are channeled to a projection area. 

From there, the impulse travels through random 
wire connections to an association system of com- 
ponents called “‘A-units.”” Again, the influence of 
memory and experience is exerted by the state of 
the association system and the impulse is thus modi- 
fied. 

The impulse then goes to “R,” or response, units 
counterparts of the motor cortex in the living 
brain), feeds back between the R and ‘A-units, and 
tells the arms of a ball-player machine (if it could be 
so linked) to swing the bat in a certain way to hit 
the ball. 

The analogy, though simplified in the association 
system, is near perfect. By refining the theory and 
building preliminary working models, Rosenblatt 
may do what Ashby and others have merely postu- 
lated. 

The mystery of the living brain’s function is solved 
in the perceptron in a way which may or may not be 
analogous. If it is analogous, there will be implications 





in psychiatry. If it is not, the perceptron is nonethe- 
less a thinking machine, though of a different type 
than the human. 

How is the mystery solved in the perceptron? 

When an A-unit of the perceptron has been active, 
there is a persistent after-effect which continues as a 
simple “memory trace.”” Whenever a cell is active, it 
gains in strength, so that its response to a repeated 
stimulus becomes stronger. But this is not all—if it 
were the machine soon would function overwhelming- 
ly in favor of certain stimuli and not at all to others 
of lesser frequency. Instead, the perceptron’s A-units, 
when unstimulated, tend to lose some but not all of 
their strength—gradually and with the passage of 
time. 

The analogy here between the mechanical and 
living brain also seems strong. How many times have 
you almost, but not quite, forgotten something? Or 
felt that if every bit of stored information in your 
brain were at your immediate recall you’d go insane? 
Herein lies the value of Ashby’s dictum for wanting 
to build an imperfect machine: that is, one that’s a 
true copy of the living brain; one that can forget as 
well as remember. 


In terms of helping the nation’s overwhelming 
mental health problem—in which one of every dozen 
of us malfunctions with respect to the other eleven’s 
“norm’’—the principle of biological memory trace, if 
proven, could be important. 

Environment causes physiological changes that we 
call adaptation if for the good; neurosis if for the bad; 
and psychosis if for the very bad. Freud says that 
the complexities of living, the desires, fears, repres- 
sions, conflicts, and catharses, cause these changes. 
But we know now that chemicals and electric shock 
can simulate them. Likewise, Freudian talk-psychol- 


ogy and the shot of Miltown perform the same partial 
cures. Several roads lead to the same destination. 
Where, then, lies the incompatibility between psy- 
choanalysis and psychodruggism? 

It may be merely a matter of terminology. One 
example: 

Hallucinations are known to start when sensory 
signals to the brain fall below a certain minimum. 
This happens to the sleeper and his visions are called 
dreams. It happens to the driver on a monotonous 
highway and it’s called hypnosis. It happens to the 
mental patient who withdraws from reality. 

The psychiatrist’s explanation is that when the 
sensory images from environment are cut off there is 
a release of previous perceptions. A mechanical-brain 
designer might say that previously reinforced A-units 
exert a mass statistical effect in the absence of new 
stimuli. 

And where is consciousness? We know we exist. 
So, possibly, could an automaton. Consciousness is 
fundamental, but in terms of behavior it has never 
been proven relevant. 


Mental defects and possibly mental illnesses can 
be explained mechanistically, without resorting to 
consciousness. An automobile with a faulty steering 
linkage spins off a winding road. Just as this im- 
perfectly formed machine system is defenseless under 
certain conditions, so are victims of paralysis, epi- 
lepsy, or motorataxia. 

Some therapists embrace the principle of mechan- 
ism wholeheartedly; they believe schizophrenia, de- 
pression, hysteria, and other psychiatric illnesses are 
also defects in the living machine—examples, like 
the defenseless automobile, where the “steering’’ 
mechanism simply does not work properly. 

The most important reason for researching the 
non-living brain is probably to help us learn more 
about the living brain. But aside from possible psy- 
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chiatric implications, there are other remarkable 
possibilities that extend into many industrial areas. 


The industrial perceptron 


Quite literally, there could be applications of self- 
teaching machines in every situation or environment 
where it would be better to have a machine than a 
man. A job might be undesirable for a man because 
of danger, monotony, or great length of time, even 
exceeding his lifetime. Or, it might be impossible for 
a programmed computer because of unadaptability. 

Thus, a future automaton based on perceptron 
principles could pilot a warplane through an antiair- 
craft net, a car through traffic, or a spaceship through 
an unpredictable solar system. It could explore the 


moon, mine minerals in the dark, methane atmosphere 
of a planet, or study the sudden fires of the sun at 
close hand. In the absence of living flesh, the capabil- 
ities of spaceship materials themselves would be the 
only restrictions on interplanetary flight and other- 
world exploration. 


Since perceptron-based automata might be built to 
read print and also respond to verbal commands, 
they also could become proficient translators. Spoken 
inputs in one language could yield written or verbal 
outputs in another language. 

Let’s discuss this for a moment. 

The translation of books and journals from one 
tongue to another is important for the world-wide 
development of industry, culture, and peace. Today, 
because it consumes a tremendous amount of highly 
skilled labor, it is not being done very much, especial- 
ly in this country. 

A partly successful solution has been the use of 
computers as translators. Ordinary modern com- 
puters can perform several thousand operations a 
second. Their memories can retain hundreds of 
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. Conventional comput- 


ers at Cornell are used 
to test the perceptron 
by simulation. 


. An “A” unit, heart of 


the perceptron, is 
pondered by its in- 
ventor, Dr. Frank 
Rosenblatt, of Cornell 
Aeronautical Labs. 


Closeup of the “A,” 
or association unit, of 
the perceptron shows 
it to be a simple 
grouping of electrical 
components. Percep- 
trons will use thou- 
sands of these A-units. 
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Iustrated by Kaulfi 


thousands of symbols, and the instructioning (pro- 
gramming) can be extremely complex—even complex 
enough to store all of the essential signs that denote 
rules of grammar and meaning of two languages. 

The IBM 701, for instance, has been translating 
languages back and forth since 1954. ‘‘Este yo caliente, 
aunque se ria la gente,” the girl punches, and the 701 
responds only a split second later, “Although the 
people may laugh, I remain ardent.”’ 

Does this mean the 701 is an efficient translator? 
Of course not. The computer not only has to be 
punched instead of spoken-to (a distinct disadvan- 
tage), but it has to be programmed. An entirely new 
electronic “dictionary” for each language has to be 
invented that can be understood by the machine. 
The words of English and Spanish, for instance, have 
to be assigned tags or signs that not only give them 
meaning, but meaning within context, and with a 
degree of precision the words do not ordinarily possess. 


Computers are iousy thinkers 


The IBM computer can translate only because 
this middle-man language, these rule-signs, are hitch- 
ed onto normal words. The computer cannot think 
independently. It only can perform tasks in obedience 
to detailed instructions prepared by human minds. 
And human minds cannot give the machine depend- 
able instructions until they themselves have worked 
out foolproof means of telling in advance how to 
translate a word which has more than one meaning. 

Thus, in Spanish the word caliente means a lot of 
things, among them hot (high-temperature), ardent, 
fervid, passionate, excited. Hot is the prime meaning, 
and any computer—just as any high-school freshman 

would be taught that caliente = hot/high-tempera- 
ture. With no further programming, the phrase above 
would read unintelligibly: 





An automaton would right an airplane even if its ailerons were connected in reverse. 


May-be I high-temperature, although she laughs the 
people. 


La gente (people) in Spanish is singular, reflexive, 
and feminine. In English, people is plural, active, and 
neuter—a further complication because other words 
in the sentence have to “agree” with it in number, 
gender, etc. 


[Difficulties of this sort have given rise to a subclass 
of scientific humor. The usual way to test for accurate 
translation is to re-feed a translated sentence into the 
computer and compare it with the original. Almost 
classical among computer translator jokes is the input: 
“The spirit is willing but the flesh is weak,” and its 
twice-translated (from English to Russian to English) 
output: “The vodka is strong, but the meat is rotten.” 
Another: “Out of sight, out of mind,” allegedly was re- 
translated, ‘Blind idiot.’’| 


Seriously, when you consider the problems of word 
agreement, non-logical word order, idiom, habit, and 
variances within each language depending on locale 
and time, you have a situation where automation is 
the hard way out. Programming a computer to trans- 
late languages is like dressing a baby: you know what 
you’re trying to do, but the computer doesn’t care. 

Translating languages with an advanced automaton 
however, would require very little human effort. Let 
the machine “grow up” with the languages as the 
baby of a bilingual family grows up. Let it learn that 
caliente (with its various pronunciations) means high- 
temperature here and ardent there. Let it make mis- 
takes and profit from those mistakes. Let its A-units 
diminish in strength for infrequently used words and 
be retained “subconsciously” to flavor newly learned 
phrases. Let it be as flexible to the living language as a 
thinking human because it, too, can think. Then link 
it to a dozen printing presses and let it translate and 
print simultaneously in a dozen different languages. 
This is efficient translation. 
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Similarly, intelligent machines eventually might 
be engineered to other operations for humanless ef- 
ficiency. Automatic navigation systems for every 
kind of land, sea, air, and space craft could make use 
of these principles. 


The automatic pilot could become an intelligent 
robot in the same way the translation machine be- 
came self-organizing. An automatic pilot is a machine 
which, among other actions, keeps the airplane hori- 
zontal. It is connected to the ailerons in such a way 
that when the plane rolls to the nght, its output acts 
on them to roll the plane to the left. The system, we 
say, is stable: it can fly safely through turbulent air, 
for although it will roll frequently, it always will re- 
turn to level. 




















Ashby, in 1952, introduced the principle of ultra- 
stability, and hailed it as the prime difference between 
non-adaptive systems, such as the automatic pilot, 
and adaptive systems such as the human being. 

Ashby built his homeostat to demonstrate ultra- 
stability—just as Rosenblatt now is building the per- 
ceptron to demonstrate his own principle of statistical 
separability. Rosenblatt’s is an extremely complex 
statistical approach to how an animal learns to dis- 
tinguish, or separate, visual, auditory, or other sen- 
sory inputs. Ashby’s principle is simpler. 

An ultrastable system is one that is absolute (in- 
dependent of anything else) and contains “‘step- 
functions” in a sufficiently large number to be able 
to ignore the finiteness of the number. Step functions 
are behaviorial or other characteristics that have 
finite intervals of constancy separated by instantane- 
ous jumps. Along with full-functions, part-functions, 
and null-functions, step-functions occur in nature 
and are necessary to understanding Ashby. A step 





Programming a computer to translate languages is like dressing a baby: 
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Translating languages with an advanced automaton-printing press 
such as the artist’s conception below) would 

eliminate the long, slow process of programming. 
Let the machine “grow up” with the languages as the baby of a 
bilingual family grows up 

Let it learn that caliente means high-temperature here and ardent there; 
that gente means people in English 

for infrequently used words and be retained 
“subconsciously” to flavor newly learned phrases. 
Let it be as flexible to the living languages as a thinking human 


Let its A 


units diminish in stre nath 


because it, too, can think. 
Then link it to a dozen printing presses and let it translate and print 


simultaneously in a dozen different languages 
This is efficient translation 








you know what you're trying to do, but the computer doesn’t care. 
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function can be shown best by the following visual 
and verbal illustrations: 


Thus the ultrastable system contains numerous 
step functions which, by allowing change from one 
regular way of behaving to another regular way, en- 
able it to learn and adapt. 


The ultrastabie homeostat 


The homeostat, which demonstrates ultrastability, 
consists of four units, each of which carries a pivoted 
magnet. The angular deviations of the four magnets 
from their central positions provide the four main 
variables. The units are joined together so that each 

ends its output to the other three; thereby each re- 
ceives an input from each of the other three. The 
homeostat is complicated with commutators, poten- 
tiometers (which regulate the parameters), and de- 


) 4? 
gn on Rose nolat 
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liberately randomized connections. Without describ- 
ing its engineering details, suffice it to say that it 
achieves ultrastability; that is, it becomes adaptive. 

Remember that the stable automatic pilot function- 
ed to keep the airplane horizontal. The homeostat, if 
joined to the ailerons as was the autopilot, and given 
a gyroscope, would begin to do the same. 

Sut now connect the ailerons in reverse and com- 
pare them. The automatic pilot would act to increase 
the roll, and would persist in its wrong action until 
it destroyed the ship. —Just as the conventional 
computer would insist on translating caliente as high- 
temperature even though the context of the sentence 
clearly called for enthusiastic or passionate. 

The homeostat, however, would persist in its wrong 
action only until the increasing deviation in the air- 
plane produced a step-function change. It would 
learn from this change. It would adapt. It would re- 
turn the plane to the horizontal, without being human- 
programmed to do so. 


Practical principle tor industry 


Where is the practical principle here for actual 
autopilots and other industrial controls? 

In the ability of the system to learn from observed 
facts. Let’s say that the airplane or missile being 
autopiloted has a thousand components that must 
be adjusted correctly if stability is to be achieved. 
If just one malfunctions, the flight is unstable. But 
an ultrastable system with a thousand main variables 
needs only about six factors to achieve stability: the 
system and its environment must be absolute; it must 
be actively dynamic; step-functions are to be pro- 
vided; and other factors too involved to explain here. 
(The interested reader is referred to chapter 9/9 of 
Ashby’s Design for a Brain.) 

Having only a few factors to specify can be a de- 
cided advantage. It also can be essential. Let’s say 
that the vehicle being autopiloted is an automobile, 


office wall: **lLook alive! Re re mber. vou can he replaced by a hutton.’’ 





Piloting an automobile through the confusion 
of dense, night-time traffic is a challenge 
not to be taken lightly by any automaton. 


driving through dense traffic. An ordinary computer 
might be set up to receive inputs from a radar or sonar 
device in an attempt to determine the presence of 
others cars, pedestrians, etc. 

But to program the computer that controls the 
steering, braking, and acceleration would be practical- 
ly impossible. Should the computer decide that ob- 
struction X is a threat that demands ultimate brak- 
ing even at the risk of seriously jolting the occupants 
of its car? Or that X is a harmless moving body cer- 
tain to react in time to prevent collision? 

A successor to Ashby’s homeostat or Rosenblatt’s 
perceptron would not have this problem. It would 
generalize that object X is not a threat, having learn- 
ed to recognize one or more specific Xs—in exactly 
the same way a human being generalizes. 


Social implications: future and present 


Fantastic industrial applications of this principle 
(and some sad social implications) can be imagined. 
A machine that senses, recognizes, remembers, and 
responds like the human brain is pure science fiction. 

Such a monster could automate any factory op- 
eration; fight wars; grow crops; remove all labor- 
management conflict by replacing both labor and 
management; form its own government; develop 
neuroses; psychoanalyze or psychodrug itself; in short 
remove the “‘need”’ for man. Man, then, could plug 
himself into a dream machine (a wish-programmed, 
quad-color, tri-die, smellovision set) and vegetate 
happily ever after. 

3ut social manifestations are not only for the 
future. Even in its infancy, one recent automaton 
idea already has stirred at least the newspaper-reading 
segment of our society. 

The uproar started last summer when Cornell 
Aeronautical Laboratory and its perceptron-sponsor, 
the Office of Naval Research, held a press conference 
on the perceptron—before the fact of scientific pub- 


lication. The results were confusing to other automata 
researchers who had no accurate scientific explanation 
to which to turn. 

But if there was confusion among scientists, there 
was near hysteria among the laity. 

Headlines spewed robots in every kitchen, ma- 
chines taking over the world, brains for the brainless. 
Frank Rosenblatt’s “‘favorite’’ example, from the 
Tulsa, Okla., Times: 

“Frankenstein Monster Planned by Navy—Robot 
that Can Think.” 

Something happens when people read stories re- 
motely concerned with what they wish they were 
reading. In this case, Rosenblatt received countless 
letters from friends of the blind, the deaf, the dis- 
turbed. If a machine can recognize and remember, it 
can be my eyes or my ears, they said . . . or my 
memory... 

Quite possibly such uses could be developed out of 
far-future self-organizing systems. For the present, 
however (lest this article find its way into wrong 
hands), let it be clear that intelligent automata exist 
in only very elemental form. Ashby’s homeostat 
demonstrates the validity of his concepts; otherwise 
it can do nothing but wiggle. Rosenblatt’s perceptron 
so far can only light up. 

In principle, however, the perceptron is capable of 
recognizing patterns, learning associations, selectively 
recalling its memories, and perceiving both space 
and time. Later, with relatively simple engineering, 
it will be able to see and hear. Then with proper re- 
inforcement of its circuits it will be able to use those 
senses for trial-and-error learning. 

In a recent development, Rosenblatt has shown 
that if the values of the A-units are allowed to decay 
at a rate proportional to their magnitude, a remark- 
able new property emerges: the perceptron becomes 
capable of “spontaneous” concept formation. That 
is, if the system is exposed to a random series of 
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stimuli from two “‘dissimilar’”’ classes, the perceptron 
will recognize the difference between them spontane- 
ously. 

All of these things are immediately possible in 
special cases under present theory. But does this 
mean the principle of the perceptron is capable of 
speech, relative judgment, and the abstraction of 
relationships? 

“No,” answers Rosenblatt. 

As far as its “symbolic behavior” is concerned, the 
perceptron shows striking similarities to brain- 
damaged patients. Rosenblatt: ‘“‘More advanced 
principles than the perceptron’s seem to be required 
to achieve judgment and abstraction. Whether the 
rudiments of such principles already have been laid 
down remains for the future to say.”’ 


How the scientists tee! about it 


Other automata researchers are even more con- 
servative about the Cornell work. After getting their 
first notice of the perceptron from a distorted press, 
they tend to discount the whole business. Some feel 
Rosenblatt’s work is redundant and lacks significance; 
others have gone so far as to say his mathematical 
proofs are incorrect. 

Like Rosenblatt, ONR’s Dr. Marshall Yovits is 
gunshy of further publicity. He feels the Franken- 
stein headlines have hurt the project’s reputation, 
and possibly Rosenblatt’s. But, although he declines 
to talk about potential applications, he believes the 
Cornell work to date is highly significant. 

“After all,” he explains, “the perceptron shows 
promise of going into hardware. All past attempts 
have been theoretical.” 

Determining just what immediate shape this 
“hardware”’ is likely to take is where the publicity- 
shyness shows up. Yovits hastens to state that ONR 
is sponsoring the work as basic research, “‘with ab- 
solutely no thought toward eventual use.”” He cites 


ONR'’s basic projects 10 years ago that led to modern 
digital computers, but refuses to talk of perceptron 
application. Perceptron research, the sponsor says, 
is “only’”’ theoretical! 

The inventor, on the other hand, hints that the 
first military use could be in photoreconnaissance 
work. Early nonmilitary applications would take 
specialized form, such as the recognition of events in 
a cloud chamber. 

But before that, he cautions, “‘we must lower the 
cost of an A-unit to a few hundredths the cost of 
units which can now be built with conventional com- 
ponents. We must study the behavior of laboratory 
models in environments ranging from the simple 
mixtures of geometrical forms (which are simulated 
in our current programs) to such complex problems 
as the discrimination of speech and human faces. 
We must develop sensing devices suitable for provid- 
ing visual and auditory inputs to the system.” 


Other avenues of research 


There are many avenues of research in many dif- 
ferent laboratories that might be applicable to future 
automaton development. For example, an experimen- 
tal computer at MIT’s Lincoln Laboratory, the 
TX-O, has been taught to recognize the sound of the 
digits zero through nine when spoken by either male 
or female voices. It is correct 98% of the time. Similar 
progress has been achieved by International Business 
Machine Corp., the University of Michigan, and Bell 
Laboratories. 

Bell Labs also has developed an electronic circuit 
that simulates some functions of the biological neu- 
ron. Currently, Bell scientists are combining the cells 
into experimental networks analogous to the nerve 
systems of the eye and ear. 

Like neurons, these artificial cells not only deliver 
electrical pulses when stimulated, but show “‘fatigue”’ 
(slow down) under prolonged stimulation. 


Microcapsules, shown here 

enlarged, are being investigated 

for use as photochemical off-on “switches” 
and as electric cells. 
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Bell Telephone I 


electro? erve Photo at left 
shows a network of these cells, 
which can imitate some functions 
of nerves in the human eye. 


Present-day cryotron—the thin 
needle-like device to the right— 

can do the work of vacuum tube (left) 
and transistor (foreground), when 
it’s caoled to below minus 420° F. 
Research has shown that tomorrow’s 


cryotrons may be only 500 angstroms wide! 


At National Cash Register Co.’s research labora- 
tories in Dayton, Ohio, photochemical “‘switches”’ 
with possible application to machine memories—are 
being developed out of NCR (no carbon required) 
microcapsules. These tiny capsules now function as 
carbon-paper when broken by the pressure of a type- 
writer key. This releases a small quantity of oil that 
reacts with clay on the sheet underneath to form a 
bright blue dye. 

New NCR research involves the oil dyes. “‘Meta- 
chromic’”’ dyes have been developed that turn brilliant 
blue in blue light and colorless in yellow light. As 
long as they remain dissolved in the oil, they can 
change from blue to colorless and back, over and 
over again. Thus the microcapsules become photo- 
sensitive off-on switches and could provide a means 
of low-cost information storage for computers or 
automata. 

The capsules also might be used as electric cells. 
Since the transfer of water through membranes (os- 
mosis) can create a difference in voltage between the 
two sides of the membrane, NCR researchers feel it 
may be possible to develop a small voltage in a 
millionth-of-an-inch microcapsule filled with a water 
solution. This voltage could affect neighboring cap- 
sules in a useful way. 

Such a capsule—if it could be developed—-would 
be closer in size and substance to the biological brain 
synopse (the connection, or switch, between living 
cells) than anything so far conceived. 

Yet another area of research, cryogenics, may yield 
cells even smaller than the infinitesimal synopses of 
the living brain. This research—which began at MIT 
and is now underway at General Electric, IBM, 
Ramo-Wooldridge, A. D. Little, and others—is on 
ultra-low-temperature computer components called 
“eryotrons.”’ 

Basically, eryotrons consist of two metals that be- 
come superconductive and magnetic-field sensitive 


at near-absolute-zero temperatures—even when de- 
posited (with an electron microscope) in lines less 
than the visible wavelength of light! 

In the days of vacuum tubes there used to exist an 
“impossibility’”’ argument that went something like 
this: 

A mechanical brain with an information storage 
capacity similar to the human brain (estimated at some 
10 billion units) is impossible because we'd run out of 
land on earth to house the thing. 

When transistors were developed, the monster 
brain moved indoors, the argument being modified 
to state that we merely would run out of large 
buildings. 

Now the argument has gone the way of “impossi- 
ble’ spacecraft and toilets that flush. For MIT scien- 
tists now are experimenting with cryotrons of the 
order of 500 angstroms wide! (An angstrom is one 
hundred-millionth of a centimeter.) 

Thus, even if these future computer building 
blocks were packed “‘loosely,” billions of them would 
fit into the “‘infinite’’ space of a cubic centimeter. 
And a component only a few cc’s wide could hold 
far more information units than the relatively im- 
mense human skull holds neurons. A _ cryotron- 
perceptron, in this sense, would be “more than 
human.” A cryotron-perceptron, in this sense, 
would be “more than human.’” 

Ideas such as these, in research projects stretching 
from magnetic films to ferroelectrics, may take a few 
years or a few decades to find application in intelligent 
machines. 

This fact does not belittle present progress. Un- 
like his digital computers, man learns from his ex- 
perience. He is learning a new research approach, 
away from the computer, in the direction of the living 
system. This is the fundamental development. This 
is today’s accomplishment toward tomorrow’s auto- 
mata. s 


INDUSTRIAL RESEARCH—SPRING, 19599 B&Q 





I*R contributing editor Don Radler squeezed into 


the field of research administration through the back door 


of science writing. Now assistant to the director of 
tropical research for United Fruit Co. in La Lima 
Radler formerly was Purdue University’s science u 


, Honduras, 


yriter, 


and before that, a weekly and daily-newspaper editor and 


movie and TV script writer. He currently is establi 
a research information service for United Fruit. 

Between wild airplane rides around the tropics, he 
completed a book on visual training, in collaboratio 


shing 


recently 
n 


with psychologist N. C. Kephart. His first book, The American 


Teenager, written with H. H. Remmers, appeared 


in 1957. 


During the past several years, Radler has published some 


100 articles covering virtually every field of research. 


by D. H. Radier, Contributing Editor, Industrial Research 


SUBCEPTION, OR DECEPTION? 


(an expose of subliminal perception) 


Popcorn sales were said to have soared 57.5% after 
this message was flashed subliminally across 


RY? 


Kim Novak's face in at least one theater. 


ON SEPTEMBER 12, 1957, a motivation researcher 
named James Vicary called a press conference in 
New York City at which he unveiled a projection 
device that flashes messages on a screen so quickly 
they cannot be seen. He then declared that even 
though the messages were invisible, they could 
motivate people to do things—including to buy. In 
support of this claim, Vicary revealed he’d used his 
projector in a movie theater for six weeks, flashing 
messages that told people to eat popcorn and drink 
Coca-Cola. Popcorn sales soared 57.5 %, Vicary de- 
clared, and Coke sales were up 18.1%. The press 
duly reported Mr. Vicary’s statement, dubbing his 
invention “‘the supersoft sell,’’ “the phantom sell,” 
and “the invisible sell.” 

Invisible or not, the advertising industry got the 
message. 

Immediately afterward, subliminal perception, 
known to psychologists as “‘subception’’ for short, 





Whether subception advertising 
can make a person buy 
irrationally was ridiculed 

in a variety of magazine 
cartoons during 

the initial SP outburst. 


was a growing business. Today it’s a floundering 
business. 
What happened? 


The question of existence 


Subception has tremendous potentialities and awe- 
some implications—if it works. But does the phe- 
nomenon even exist? Or is this source of many new 
concerns, industrial and ethical, as invisible as Mr. 
Vicary’s messages themselves? 

These questions cannot be answered on the basis 
of Vicary’s press conference. At the conference he 
did not elaborate on the design of his popcorn and 
Coke experiments, nor did he describe the kinds of 
controls employed. 

Going to other experts clarifies nothing: for every 
authority who believes in subception, there’s another 
who can’t “see’’ it. Thus, psychologist Donald P. 
Spence avers that subliminal advertising will work 
even without the subject’s cooperation, while Dr. 
Arthur Koponen, of J. Walter Thompson advertising 
agency, emphatically states, “There is no experimen- 
tal evidence available that shows subliminal projec- 
tion can influence product sales on television or in 
the movies.”’ 

Enter Dr. C. H. ““Chuck’’ Lawshe, a down-to-earth 
psychologist with years of practical experience. Cur- 
rently, Lawshe is dean of the technical extension 
division of Purdue University, president of the busi- 
ness and industrial psychology division of the Ameri- 
can Psychological Assn., and consultant to some of 
the nation’s biggest corporations. 

To Chuck Lawshe, the conflicting evidence on sub- 
ception was an intriguing challenge. Fortunately, 
there was a graduate student in psychology looking 
for just such a challenge. J. C. Naylor and Prof. 
Lawshe got together. Out of their collaboration came 
a 40-page analysis of the experimentation on sub- 
ception and related ideas from 1863 to date. 














Cartoon by Gus Methe 


invisible messages — invisibie effects 


Their conclusions: 

If the message is really invisible, so are the results. 
In other words, they believe, subception is no phan- 
tom in the flesh—it’s a flash in the pan. 

Unfortunately, it’s easier to prove that something 
exists than that it doesn’t exist (although both 
“proofs” are matters of statistical probability). This 
ltmitation makes much scientific detection difficult 
but it doesn’t prevent us from unmasking cancer 
quacks, phony patent medicines hiding behind im- 
pressive labels, and a host of other frauds. Subception 
may not be a hoax, but Lawshe and Naylor’s analysis 
certainly makes it look like one. In their more guard- 
ed words, ‘“There does not appear to be substantial 
evidence for subception as a distinct phenomenon.” 

To understand how Chuck Lawshe and Jim Naylor 
reached this conclusion, we'll have to start out as 
they did—-with a few definitions. To begin with, sub- 
ception, or subliminal perception, means seeing some- 
thing or reacting in some way to a stimulus without 
being consciously aware of the stimulus at all. 

The dividing line between non-awareness and con- 
scious awareness is called the threshold. Stimuli so 
weak or so brief that they do not step over this 
threshold are not consciously perceived. 

This threshold lies at different points for different 
people. In any group of people, a soft sound or a 
quickly-flickering image will be audible or visible to 
some, inaudible or invisible to others. And for any 
one person, the threshold may be higher at some times 
than at others. 

After establishing these definitions, Lawshe and 
Naylor began their analysis by reviewing 39 research 
projects on the phenomenon psychologists call “‘per- 
ceptual defense’’—the raising of the visual threshold 
for unpleasant stimuli such as “‘dirty’’ words. 

The idea of perceptual defense arose in the 1940’s 
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Subception was banished from television commercials 
and political campaigns without a hearing 

as to whether it works. Why not let it die, like witchcraft, 
at ats own stake? 


when a group of psychological researchers flashed in- 
dividual words on a screen for extremely short periods 
of time and had several subjects repeat whatever 
they saw. Six of the words were neutral, like house, 
dog, cat, ete. The other six were emotionally loaded, 
like hate, kill and sex. Supposedly, none of the words 
was on the screen long enough for the subjects in the 
experiment to recognize it consciously. But they re- 
peated the stimulus words much faster and more ac- 
curately when the words were neutral, like house, 
than when they were emotionally loaded or “‘dirty.”’ 

On the basis of such findings, the concept of per- 
ceptual defense arose. Obviously, if perceptual de- 
fense exists, subception must exist—-you must recog- 
nize a threatening word, if not consciously, then un- 
consciously, in order to defend yourself against it. 

One big bug in this type of research was that in 
most experiments, the subjects verbally repeated 
the words they saw-—or thought they saw-—-on the 
screen before them. Couldn’t the longer response 
time on emotionally-loaded and “‘dirty’’ words merely 
be a reluctance to say such words out loud? 

Another bug is the fact that common words con- 
taining few letters are easy to recognize in a brief 
glance, while uncommon or long words are, harder to 
understand. In most of the studies, neither word 
length nor word familiarity was considered. 


The results of 39 experiments 


Lawshe and Naylor rated each of the 39 studies 
on perceptual defense according to how well they 
controlled for word length, word familiarity, and re- 
luctance to repeat unpleasant words. 

Two studies controlled word length only. Both 
concluded that perceptual defense exists. 

Twenty-five experiments controlled word length 
and familiarity. Eighteen found evidence in favor of 
perceptual defense; seven found no such evidence. 


But when all three factors were controlled (in 12 
experiments), less than half the studies reported 
positive results. Of these five “‘yes’’ votes, three came 
from experiments whose value is suspect because of 
other technical considerations. 

In Lawshe and Naylor’s words: 


“It appears that when defensible controls are used, 
there is not much evidence for the existence of perceptual 
defense. Thus if we are trying to establish the existence 
of the phenomenon of subception we must abandon this 
route and proceed to evaluate the studies which attempt 
to deal with subception directly.” 


The next step in the analysis was a study of all ex- 
periments on subliminal perception itself. There are 
only ten such experiments in the literature. And some 
of them have a bug—the fact that human guinea 
pigs can get clues to the message being presented 
even if most of the message is below threshold. Thus 
p-pco-n obviously means “popcorn” and C-k- almost 
as obviously means ‘‘Coke.”’ 

Seven studies failed to control the “‘partial recogni- 
tion” factor, Lawshe and Naylor found. All seven 
concluded that subception exists. 

The other three projects controlled for partial 
recognition. All three could find no evidence in favor 
of subception! 

Lawshe and Naylor’s final paragraph, with irony 
rare to the fusty literature of social science, reads: 

“Until someone can demonstrate in an experiment 
wkich has complete and adequate controls that subception 
exists, the concern of many seems slightly premature. 
The results of the pilot study reported by Mr. Vicary 
might also conceivably be explained by lack of complete 
experimental control; he has not provided information 
essential to such an evaluation. Meanwhile, those who 
are worried about messages being beamed to the un- 
conscious may relax for a while at least.”’ 


Do you have a sudden urge to read this page? An unexplainable craving to devour these 
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The Lawshe-Naylor review might have broken the 
subliminal bubble except that it began to dissolve 
itself under the force of public opinion—not against 
the fact of its existence, but against “‘subconscious 
sell.” 

One congressman declared, for instance, that sub- 
ception “would be made to order for the establish- 
ment and maintenance of a totalitarian government.” 
Newspaper editorials quoted Orwell’s 1984 and Hux- 
ley’s Brave New World. Vance Packard, author of 
The Hidden Persuaders, warned against invisible 
political persuasion. Norman Cousins, editor of The 
Saturday Review, advocated immediate strong steps 
on the part of the public to make open war on those 
who would invade the privacy of the human sub- 
conscious. The Christian Century called for ‘massive 
retaliation.’’ The habitually indignant Senator Char- 
les Potter of Michigan, enjoined the Federal Com- 
munications Commission to save the public from 
SP-TV. The Methodist Temperance Board and the 
WCTU, never to let adsurdity stop them, clinched 
it by reminding the world that subception could be 
used to make alcoholics of us all. 

Ad infinitum. 

So without the matter of validity influencing the 
picture at all, Vicary’s Subliminal Projection Co. 
Ine. went on the rocks only two years after sensation- 
al magazine articles announced SP advertising as 
the marvel of the century. (Vicary, who used to do 
all kinds of market research, had to fire staff and move 
to smaller quarters; is now rebuilding slowly on more 
stable forms of marketing.) 

Dr. Robert E. Corrigan, founder of Precon Process 
& Equipment Corp., New Orleans, was another 
pioneering subceptioner who had to tighten his belt 
until he forgot about the advertising application of 
subception. He and Hal C. Becker, both from Tulane 
University, entered a new SP field where the novelty 


words? Maybe SP works after all. 


of subception would be hailed as novelty and not as 
earth-shaking calamity. This virgin territory was the 
“psychodrama,”’ an SP movie where subception is 
used not to sell popcorn but to heighten emotional 
impact. The first psychodramas they made were My 
World Dies Screaming and Date with Death. 

In the more frightening parts of ‘Dies Screaming,” 
words like BLOOD and images like snakes are super- 
imposed on single frames, thus appearing on the 
screen for 1/50 of a second, too short a time to be 
seen consciously. Psychologist Corrigan and electrical 
engineer Becker not only want to make other “‘psy- 
chodramas,” but also feel they can develop subcep- 
tion as a tool in teaching and psychotherapy. 


Clasped hands, tlags, sexual intercourse 


Horror of snakes and hunger for popcorn are not 
the only emotions that can be exploited, say the sub- 
ceptioners. Mother love can be expressed subliminally 
by the drawing of a baby; help by a pair of clasped 
hands; patriotism by a flag; sex by an embrace. 
Since the drawings or symbols cannot be seen—at 
least not consciously—one wonders whether the 
method, if it works at all, could be strengthened: 
mother love by a baby suckling; patriotism by an 
atrocity of the enemy; sex by intercourse. 

Now that the advertising potential has been halted, 
others are climbing onto the psychodrama bandwag- 
on. Producer Hal Roach Jr. is working on an SP 
movie, Henry James’ ghost story, The Turn of the 
Screw, using “ghosted”’ ghosts as the gimmick. 

“Psychodramas” and associated media comprise 
the only tolerable future for subception. It is as ef- 
fectively banned from advertising and politics as if 
the FCC had outlawed it. And since horror and 
mother love cannot be measured as easily as popcorn 
sales, the question of the existence of subception is 
banned too. It’s hard to expose a ghost when so 
many people are clutching his sheet-tails. e 
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Organizational men, sitting around the conference table 

shuffling papers, are at their decision-making worst in this abstraction. 

But another concept also is embodied here: the many facets 

of a decision that confront even strong executives in today’s complex business organization. 
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The problem of how executives and others 

make decisions within business organizations 

has occupied Dr. James G. March's research time 
for the past five years. An associate professor 

of industrial administration at Carnegie 

Institute of Technology, March has written 

on influence measurement, organization 

theory, pricing behavior, group control, 

and theory of the firm. He is co-author, 

with Herbert A. Simon, of Organizations, 


a book of scientific management. 


March received his Ph.D. from Yale in 1958. 


SINCE WORLD WAR II, a desire to understand and im- 
prove business decision making has stimulated a 
small but growing research effort directed toward 
both of those ends. On the one hand, we have the 
new fields of operations research and management 
science, which have substantially improved mana- 
gerial decision making. Simultaneously, we have 
witnessed the birth of organization theory and be- 
havioral theories of the firm. 

This chapter is a preliminary progress report on 
recent developments in the latter areas. Specifically, 
it reports what we at Carnegie Tech’s Graduate 
School of Industrial Administration think we are 
learning about how business organizations make 
decisions. 

An executive existing in the complex environment 
of the business organization has a three-stage decision 
problem: 1 To which of his many problems should he 
direct his attention? 2 How much time, effort, and 
expense should he invest in resolving uncertainty 
about that problem? 3 What solution to the problem 
should he use? 

Most classical theories of problem solving are 
theories of the last stage of this process. But recent 
research suggests the first two are more important. 


Which probiem to soive? 


What determines the problems an executive will 
attempt to solve? Obviously, if he had few and simple 
enough problems, he could solve them all as complete- 
ly as he wished. But at any one time he’s likely to 
have a long-range budget to approve, a letter to a 
government agency to dictate, a speech before the 
Rotary to prepare, and a telephone to answer. 


DECISION 


by Dr. James G. March, Carnegie Institute of Technology 


We have attempted to reproduce in the laboratory 
some of the critical characteristics of the executive’s 
decision problem. In a preliminary experiment, sub- 
jects were asked to handle a relatively simple admin- 
istrative job. The job involved three kinds of activities: 

s Routine communication. They were to communi- 
cate to relevant clerks information on the current in- 
ventory levels in various warehouses. 

ws Intermediate planning. They were to make any 
necessary reassignments of warehouses to groups of 
clerks so as to maintain an approximately equal work 
load in each group. 

ws General planning. They were to suggest any other 
changes in procedure that might be appropriate. 

The subjects were told that each of the three jobs 
was equally important and should be given equal at- 
tention. After a training period to allow the “execu- 
tives’’ to become accustomed to the task, the work 
load (the rate at which information on warehouses 
was received) was varied systematically. As the work 
load varied, we observed the proportion of communi- 
cations dealing with routine activities as opposed to 
planning activities by the subjects. 

Two results of this experiment are significant here. 
First, despite instructions to spend only one-third of 
the time on routine matters, the subjects spent a 
good deal more than that even when the work load 
was relatively light. Second, consistently as the work 
load increased, subjects spent a smaller proportion 
of their total time on planning activities. At peak 
loads, virtually no planning was evidenced. 

Nor are these results limited to experimental 
studies. In a series of case studies of business decision 
making, organizations frequently were found to have 


MAKING 


It’s often difficult to say with much meaning who ‘makes’ a decision 


in an organization, or when it 1s made. Instead, there 


seems to be a process of gradual commitment to a course of action. 
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difficulty allocating time to planning. Day-to-day factory, he will not search very vigorously for ad- 
problems tend to dominate. ditional alternatives. 

Planning does occur in large-scale organizations, For the first two of these propositions there has 
of course, but that planning is a relatively vulnerable been considerable evidence for at least 20 years. It is 
activity compared to other activities. A person with the combination of these two with the third, however, 
responsibility for both routine day-to-day activities that makes the system an interesting and dynamic 
and long-term planning is likely to find the routine one. As a result, some of our recent work has been 
taking the much greater share of his time. This focussed particularly on testing the effect of achieve- 
proposition the so-called ‘““Gresham’s Law’”’ of plan- ment on search behavior. 
ning —is of considerable importance to understanding One such study is an examination of behavior in a 
the attention focus of business executives. simulated trouble-shooting situation. The subjects 

From these and other studies it has become clear were asked to identify which one of three components 
that factors affecting the attention focus of business in a machine was bad. They could do this only by 
decision-makers are critical to an understanding of inspecting the components in turn until they found 
business decisions. When a school burns down in the trouble. The decision problem arose because the 
Chicago, the problem of the day is safety. When cost of inspecting the components varied, as did the 
sales dip, the problem is marketing. When a com- probability that the trouble would be in any particu- 
petitor’s bookkeeper absconds with $100,000, the lar one. The subjects were paid the same amount for 
problem is fidelity. And so on. finding the trouble regardless of what it cost them. 

As a result, the amount earned depended on a 
subject’s ability to choose a good inspection strategy. 

What happens once a problem is identified? The After being given considerable experience with the 
textbook answer is that the executive obtains all machine, each subject was asked what he thought 
relevant information and chooses the alternative would be the best order in which to inspect the com- 
which maximizes profits (or other objective). Such a ponents. 
theory seems implausible. The rate at which subjects were paid during the 

An alternative theory, proposed by H. A. Simon “training” period was varied. One group was paid at 
and others, draws heavily on the early work of a such a rate that it could not help but make money, 
group of German psychologists, particularly Kurt no matter what it did. A second group was paid so 
Lewin. It rests on these very simple propositions: it would lose money on the less-efficient inspection 

s Individuals do not attempt to maximize utility, strategies and make money on the better ones. A 
but seek to achieve alternatives that are “‘satisfacto- third group was paid such that it could not help but 
ry.’ A satisfactory alternative is one that is better lose money no matter what it did. 
than the “level of aspiration.” Results? 

e The level of aspiration changes over time, going 
up when achievement goes up, coming down when 
achievement comes down. It adjusts upward faster The strategies recommended by the group paid at 
than downward. the very high rate averaged 23°, more costly in 

a If the individual sees an alternative that is satis- terms of inspection costs than the strategies recom- 


Achievement attects search 


High pay yields easy satistaction 


How groups find methods of solving collective 

problems when there are constraints on communications 
is the object of another experiment. One finding . = 

is that the worth of a particular method depends not only oe a epee o. °.°Re” 
on the characteristics of the method, but also } ; + ——. > pena Fees” 

on the ease with which it can be introduced into a group. 
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mended by the other two groups. We infer that the 
high-pay subjects more easily achieved satisfactory 
solutions and were less likely than their low-pay as- 
sociates to discover better ones——as predicted by the 
theory. 

But the intensity with which individuals search 
for alternatives or information about alternatives is 
only one side of the problem. Some people engage in 
vigorous, yet strikingly unproductive, search. We 
need to know not only how hard employes and ex- 
ecutives look, but also how and where they look. 
Particularly, we need to know how individuals or- 
ganize and utilize their memories. 


Human-like computers 


To study the phenomena associated with complex 
executive decision making, a group of Carnegie Tech 
and Rand Corp. psychologists—A. Newell, J.C. Shaw, 
H. A. Simon, and their associates—are programming 
a computer to play chess. The computer exhibits 
some human-like characteristics. For instance, it will 
not always make the same move in the same situation. 

Neither the machine nor human chess players 
even the most expert —examine all possible combina- 
tions of all possible future moves. The reason is 
simple. In anything but the most trivial problem, the 
number of future possibilities that would have to be 
examined is so enormous as to overload the compu- 
tational capacities of our largest computers, let alone 
those of a human being. Instead, human beings (and 
properly programmed computers) use “‘insight’’ and 
“hunches.” They ask questions like: To what other 
problems is this one similar? 

Although much work remains to be done, this 
computer-human research has brought us substan- 
tially closer to theories of problem-solving that in- 
corporate the concepts of “insight,” ““hunch,’’ and 
“problem similarity.” 


The organizational hunch 


How are these individual concepts applied in the 
business organization complex? What features are 
there about a business organization that affect the 
decision made in the organization—particularly such 
critical decisions for the organization as pricing, 
capital expenditures, and resource allocation? 

Research by R. M. Cyert, W. R. Dill, and other 
economists and behavioral scientists at Carnegie in- 
dicates that the organization affects decisions in 
these ways: 

w It sets and enforces organizational objectives, 
criteria by which the success of the business opera- 
tions ar@ to be judged. 

es It collects and communicates through the firm 
information about factors to be considered in a 
decision. By the time information reaches the re- 
sponsible executive in a firm it is at least second- 
hand and often fourth, fifth, or sixth-hand informa- 
tion. 

ws It executes the decision. There often is, of course, 
a large difference between what top management 
“decides” and what the organization does. 

In talking about business firms it is sometimes 
tempting to assume that the objective of the firm is 
well-defined, unambiguous, and unitary. An often- 
heard but naive theory is that the objective of the 
firm is to maximize profits. While it is extremely dif- 
ficult to demonstrate conclusively that a particular 
decision does not maximize profits over the long run, 
the burden of the evidence shows that business firms 
rarely define their objectives in such a pristine way. 


Objectives: clear and obscure 
Even more rarely do firms act as though profit 


maximization were their sole objective. Instead, our 
studies in business organizations indicate that the 


By the time information reaches the responsible executive in a firm, 


it is at least second-hand, and often fourth, fifth, or srxth-hand. 
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“A chess-playing computer exhibits some human characteristics. For instance, 
it will not always generate the same proof for the same theorem. . .” 


firm is likely to have a melange of objectives. Some 
of these objectives will be clear; some will be am- 
biguous. Some will be easy to achieve; some will be 
difficult. Some will be considered at one time; some 
will be considered at another. Some will be viewed 
as important by one part of the organization; some 
will be important to another part. 

A firm’s objectives change with experience and 
through the demands of individuals. After a few 
years of $1.2 million profits, $1 million profits no 
longer are viewed as satisfactory. After persistent 
failure to gain more than 10°; of the market, a goal 
of 15°, no longer is considered reasonable. 

At the same time objectives change in response to 
demands made on the organization by individuals or 
groups whose services are necessary. When a firm 
hires a new research director it frequently makes 
ome commitments about the allocation of resources 
to research. When it signs a consent decree as a re- 
ult of some governmental action, it makes com- 
mitments. When it reacts to consumer complaints 
about product quality, it makes commitments. Over 
the years, these commitments accumulate, change, 
and are forgotten, usually with rather little attention 
to their internal consistency. 

What are the implications of such a theory of or- 
ganizational objectives? One implication is that dif- 
ferent objectives will be attended to at different 
times. 


The ‘woritd’ the organization tives in 


A second implication of such a theory is more 
subtle. Whether one objective is consistent with a 
second partly depends on what those objectives are. 
But it also depends on what kind of a “‘world”’ the 
organization lives in. To take an extreme example, 
if the organization had unlimited resources, it could 
satisfy almost all of its commitments. Although no 
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organization ever achieves such a utopian existence, 
some firms approximate it in good times. 

What happens? So long as the world is good, old 
commitments and new demands of various parts of 
the organization are met quite freely without much 
questioning. New staff is taken on. New equipment 
is purchased. 

The “successful” firm acts like the “successful” 
subject in our trouble-shooting experiment. It en- 
gages in little search for better alternatives because 
the existing ones are good enough. 

As a result, “organizational slack”’ develops. Slack 
represents expenditures in time, money, manpower, 
and policy decisions that arise in a benign environ- 
ment. It also represents a form of “‘fat’’ in the organ- 
ization that can be cut back if economic conditions 
are less favorable. Thus, research expenditures in 
firms have increased steadily since the war except in 
two recession periods. Similarly, in 1957-58 a number 
of firms were reported to have cut back substantially 
on their secretarial and clerical staffs without notice- 
able decrease in secretarial and clerical output. 

In an analysis of one industry we were able to pre- 
dict, on the basis of the organizational slack concept, 
which firms would make an intensive effort to in- 
crease sales in a particular time period. These pre- 
dictions were confirmed substantially. 


Traditionally the problem of organizational infor- 
mation has been treated much like the problem of 
organizational objectives—by simple fiat. Textbooks 
might proclaim that it is the responsibility of manage- 
ment to secure adequate and accurate information. 
Our theories of organizational decision making, how- 
ever, need to be somewhat less hortatory. Specifical- 
ly, we need to know what biases are introduced into 
the information that is processed through an organi- 
zation. 
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explains the noted Herbert A. Simon, associate dean of Carnegie Tech's 


graduate school of industrial administration. 


Biases are introduced by selective perception, by 
uncertainty absorption, and by deliberate falsifica- 
tion. Executives do not see all the facts. Any particu- 
lar individual is exposed to only a small portion of 
the relevant information and “‘sees” only a part of 
that to which he is exposed. The effects of this 
double filter of selective perception have long been 
recognized in psychological research. 

Recently, attempts have been made to investigate 
the operation of selective perception in a business 
setting. In one study by D. Dearborn and H. A. 
Simon, a group of middle-management executives 
was asked to read a long, carefully factual description 
of a company and its current position. Each executive 
then was asked to indicate what problem in the com- 
pany a new president should deal with first. Eighty- 
three per cent of the sales executives thought the main 
problem was sales. But only 29° of other-division 
executives saw it as sales. Virtually all executives 
saw the “‘facts’’ in a way closely related to their 
organizational positions. 
Statt information — pius 

Uncertainty absorption—the second way in which 
bias is introduced—is the transformation of raw in- 
formation into inferences. For example, staff units 
in an organization do not communicate the detailed 
figures on which they base their predictions. They 
communicate the predictions with perhaps some sup- 
porting data. 

This obvious but often ignored fact makes a sub- 
stantial difference to decision making in an organiza- 
tion. It means, for example, that it is ordinarily im- 
possible for other parts of the organization to check 
the conclusions of an estimating unit. Information 
that initially is highly ambiguous tends to become 
more and more precise as it passes through the or- 
ganization. 


What happens in this kind of information conden- 
sation? One aspect of this problem is the extent to 
which organization members will treat the same 
quantitative figures differently depending on what 
kinds of data they represent. 

We gave two groups of graduate students in in- 
dustrial administration the task of communicating 
to a superior a single estimate on the basis of a pair 
of estimates from subordinates. One group was told 
to condense and pass along estimates of probable 
costs of a new product; the other to communicate 
estimates of its probable sales. The subordinates’ 
estimates in each case are identical. Yet a consistent 
difference exists between the communicated infor- 
mation of the two groups. 


Who ‘makes’ a decision? 


Similarly, in a series of field studies we have found 
considerable condensation (and biasing) of informa- 
tion as it passes through the organization. By the 
time complex information is used for formal decision 
making, it frequently has been reduced to a few 
simple statements. As a result it is often very difficult 
to say with much meaning who “makes” a decision 
in an organization, or when it is made. Instead, there 
seems to be a process of gradual commitment to a 
course of action. 


Contributing to this picture is a third form of or- 
ganizational bias in information—conscious falsifica- 
tion. For the situation of uncertainty in which or- 
ganization members operate, “‘falsification’’ may be 
too harsh a word. A buyer prefers a prediction of 
next year’s sales that will not be too difficult to 
achieve. A staff member committed to the purchase 
of a piece of new equipment admits privately, “If 
anybody brings up a cost item not thought of, I can 
balance it elsewhere.” 





Finally, company decision making is affected 
strongly by the way top management “‘decisions’’ 
are carried out by the rest of the organization. 


Negotiations: tormal! and intormal 


In some theories of business decision making, sim- 
ple assumptions are made about the employment 
contract. These assumptions add up to the proposi- 
tion that in return for his wages an employe does 
what he is told to do. An employe who doesn’t want 
to do what he is told can quit, refuse to do as in- 
structed and be fired, or negotiate a higher salary in 
return for doing what is desired. 

Our theory, however, suggests another major al- 
ternative. He can negotiate not only about salary, 
but also about duties. ‘‘Negotiate”’ is an inadequate 
term if it suggests the formal bargaining table. The 
bargaining table is only one type of negotiation; a 
much more important part of negotiating occurs in 
the day-to-day decisions of subordinates on how they 
comply with instructions, and the day-to-day deci- 
sions of superiors on what instructions they will issue 
and what sanctions they will impose. 


Communication constraint 


At Carnegie Tech, H. J. Leavitt is studying how 
groups implement methods for solving a collective 
problem under varying constraints on communica- 
tion and information. Three subjects are asked to 
play a game. At each play of the game each player 
announces a number (by throwing a switch connected 
to the experimenter’s control board) from zero to 10. 

The objective of the group is to announce numbers 
so that their sum is a number stated at the start of 
the play by the experimenter. Since the subjects can- 
not communicate to each other, their problem is to 
develop and implement a system to deal with any 
number the experimenter might announce from zero 


ZO inousTRiAat RESEARCH—SPRING, 1959 


to 30. There are a large number of possible systems 
involving a wide range of complexity. 

One of the interesting implications of the prelim- 
inary results from this experiment is that the “effi- 
ciency”’ of a particular system for solving the problem 
depends not only on the intrinsic characteristics of 
the system, but also on the ease with which it can be 
introduced into the group. 

For example, one very simple system is to have the 
first person give the target number if it is 10 or less, 
and otherwise give “10;” have the second subject 
announce “zero” if the target is 10 or less, or an- 
nounce the second digit of the number if it is between 
11 and 19, or otherwise state “10;’’ and have the 
third person announce “zero” if the target is 20 or 
less, announce the second digit of the number if it 
is between 21 and 29, or announce “10” if it is 30. 
This system handles all possible numbers in a way 
calculated to introduce few, if any, errors. However, 
in many groups such a system is quite hard to 
establish. 


Along with the empirical studies described here is a 
trend toward the use of computer simulation of or- 
ganizational problem solving. Many of our future 
efforts literally will be computer models. One such 
model we have developed predicts with some ac- 
curacy the share of market for two major firms in 
the American can industry over a 40-year period. 
This is true despite the fact that the model is by all 
odds too simple and incomplete. 

In the next few years we can expect to see a sub- 
stantial increase in both the numbers and quality of 
such computer-simulation models. There seems little 
doubt that simulation—by machine—will contribute 
to improvements in our theories of organizational 
decision making. * 





Probably the world’s leading exponent of treating 

the buyer as a human being, Dr. Ernest Dichter 
“humanizes”’ American industry as a business— 

from his 26-room mansion, which is the Institute 

for Motivational Research. There, in their chestnut-walled 
offices on the Hudson river, and in the field, some 

60 psychologists, economists, and statisticians 

conduct investigations into every market in the U.S. 
Famous for the “depth interview” (described in 

this chapter), Dichter received his doctorate 

at the University of Vienna in 1934, was a psychoanalyst, 
a progagandist, and is the author of Successful Living. 


by Dr. Ernest Dichter, president, Institute for Motivational Research 


MOTIVATING 


THE 


TECHNICAL 
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The technical mind makes a game of machines; it enjoys 
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the gadgetry of machinery. 


‘THE MACHINE is so deeply tied to increased produc- 
tion, to greater efficiency, to better and easier living, 
that we accept it as the major symbol of progress in 
our society. At the same time, we are becoming in- 
creasingly aware of the fact that, if we have learned 
a great deal about how to get the most from our 
machines, we still have much to learn about getting 
the most out of the people who build them and buy 
them and run them. 

Once we admit that engineers are more than the 
sum total of statistics, that they exist in a dynamic 
rather than a static sense—-changing, modifying their 
attitudes, and being modified by their surroundings 

then it becomes impossible to see them in any way 
except as developing organisms. 

It is in this area that the social sciences, seeking 
to understand human behavior, have effectively 
proven the necessity for probing beneath superficial 
and often rationalized answers to the emotional 
factors which determine our actions and attitudes. 


The engineer: an inconsistent mechanism 


Engineers, like other people, are subtle, complex, 
inconsistent, and contradictory. These facts make it 
all the more difficult to establish the significant con- 
sistencies and variations in a technical employe or in 
an entire population such as an industrial plant. 

How does motivational research find out what 
makes technical people tick? What influences their 
living patterns, their social ideas, their industrial 
buying habits? The following quote may throw some 
light on these questions: 

“Like all other humans, we like a pat on the back 
when we do something good,”’ an engineer confessed 
to a motivational researcher studying an industrial 
problem. In the course of the same study, another 
engineer talked about a mistake he’d made. “Jt could 
have happened to anyone,”’ he said. “‘There’s team 
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A depth interview depends on 
spontaneous remarks made in the course 
of a lengthy, rambling conversation 
with a skilled, probing, interviewer. 


work in our plant, so not too much was made of it.”’ 

Spontaneous remarks like these are the substance 
of motivational research. On the basis of such in- 
formation, motivational psychologists told one com- 
pany why it was having trouble with its technical 
employes. They advised the company to build up 
the technical man’s self-esteem. It could do this by 
giving engineers more credit for the company’s prog- 
ress and success. The company also should speak of 
the facilities used by its technical employes as con- 
stantly developing tools in the progress of science, 
for these men like to think of themselves as adven- 
turous and progressive. 


interviewing in depth 


In order to arrive at such practical applications, 
we analyzed approximately 150 “depth interviews” 
conducted with engineers, consultants, technicians, 
executive and management personnel, dealers, sales- 
men, and editors of technical publications. 

A depth interview is totally different from a stand- 
ard questionnaire used by conventional market re- 
searchers. Instead of seeking “‘yes’”’ and “no” an- 
swers to a list of questions, it depends on spontaneous 
remarks made in the course of a lengthy, rambling 


Our products—whether they be bottles 
of beer or cylinder heads—must be 
immediately understandable and humanly 
acceptable to the people who produce 
them, who buy them, and use them. 
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conversation with a skilled interviewer who probes 
for attitudes and feelings as well as for simple choice 
or preference. 

In the study under discussion, we found that en- 
gineers and technical experts tend to have an exalted 
image of the kind of people they ought to be. When 
they are unable to live up to this goal—which is 
almost always the case because the goal itself is un- 
realistically high—they dislike being reminded of 
their shortcomings. They set up various defenses so 
they'll not have to reproach themselves for failing 
to be perfect. 

First the engineer reassures himself that he’s “only 
human.” Then, seeking safety in numbers, he tells 
himself that he’s “‘just part of a team.”” The team 
becomes a scapegoat for his mistakes. At the same 
time, he identifies with the team and regards it as 
having special status. He wants the team to be ap- 
preciated and respected. 


Motivational research does not end with the depth 
interview. Another of its research tools is the pro- 
jective test, both written and representational, which 
allows the respondent to project his real feelings 
about a subject. 

For example, in a study for an oil company, we 
showed subjects a rough drawing indicating the shad- 
owy outlines of ““The Dream Gasoline Station’’ under 
construction. We asked them to tell us what the 
attributes of this ideal station would be. In this type 
of test, motorists have a chance to sit back and 
dream about what they’d really like to have in terms 
of supplies, services, and even aesthetic appeals in 
future gas statiops. 


The technical buyer, and his boss 


In a study undertaken for the General Electric 
Co. to determine psychological motivations involved 
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to look at the ture and ist thei? needs, 
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motoriats ¢ rpressed convenience and good service 


pe rfc ia! 


A deeper examination s/ ed these s1 


vants were really amiu£rror of their desires for 
a. A n 

b. Personal recognition 

c. Reassurance and security. The feeling 

that they and their cars are being taken care of. 


“oasis” while driving 


d. Consideration of their need to be economical. 
e. Respe ct for their taste and status 

On the basis of this and other testing methods, 
it was possible to close the gap between 

the customers’ hopes and the gas station's 


! 


fulfillment of those hopes 


in buying direct-current motors, we sought to de- 
termine the self-image of the specialists and execu- 
tives who purchase these motors. 

The tool developed to yield this information was 
the “attributed motivational” text. Focal point of 
the test was a picture of three men—an engineer, a 
purchasing agent, and an executive vice-president 
sitting around a table, discussing the reasons for the 
purchase of new motors for a new automated oper- 
ation. 

(Such a roundtable is not too realistic, since the 
engineer usually makes the buying decision with the 
approval of the executive, who tells the purchasing agent 
to execute it—all independent of a group decision. 
However, the picture is useful for test purposes because 
it enables the real-life equivalents of these figures to 
attribute motivations to each other.) 

Groups of engineers, industrial executives, and 
purchasing agents were given this description of the 
picture, and asked to select from 10 listed reasons 





Motivational researchers study markets 
from data collected throughout the world. 


those which applied to each of the three men. The 
list from which the subjects selected their preferences 
follows: 

1 I decided by comparing manufacturers’ magazine 
advertisements, catalogs, and technical information 
bulletins. 

2 I know the company and I personally know its 
representatives. 

3 We'd better get the AC units; everybody else uses 
them. I can’t take a chance not to. 

@ The motor that looks the best probably has advanced 
technical features. 

s I’m affaid to make a change from our present AC 
equipment. I might get into trouble. 

6 Let's get it from the company that can give the best 
and fastest delivery. 


7 The DC motor is the best for this operation. 


e Let's play safe and get the equipment from the 
biggest outfit of all. 

2 It really doesn’t matter who makes the equipment. I 
recommend we get it from a local manufacturer. 

10 Let’s buy the motors from the company that offers 
the best price. 


How the technical mind views others 


This example is cited at some length because the 
results reveal the important role emotional factors 
play in the lives of key technical men. Engineers in 
this test saw themselves as motivated primarily by 
factors 1 and 7. 

Purchasing agents and executives agreed but 
placed much less importance on these factors than 
did the engineers. These groups saw themselves as 
motivated by factors 1, 2, and 6. But the technical 
people felt the purchasing agents were guided by 
considerations 5, 9, and 10. 


The open book sym 


Engineers placed the vice-president in still another 
category, governed by considerations 3, 4, and 8. 

There could be no clearer picture of the self-image 
these groups have of themselves and of the conflicts 
which exist between the different groups. 

When we discuss the sale of a machine or other 
industrial product, we are not dealing merely with 
a material object that does so much and costs so 
much, but with man’s dreams and fears. One of the 
facts we face today is the coming of a second indus- 
trial revolution, created by automation. Tomorrow’s 
push-button society promises unlimited abundance 
and more leisure. But it also threatens the individu- 
alism that technically-trained persons value so highly. 
The technical mind, therefore, is torn by a world 
which requires him to improve machines, and a world 


in which machines are taking over many of his jobs 
and privileges. 


The technical mind—whether housed in the skull 
of a mechanic, a technician, an engineer, or a tech- 
nical executive—makes a game of machines. Tech- 
nical people like to show off a new machine; they 
like to demonstrate a new part; they enjoy the 
gadgetry of machinery. We found that more than 
a third of our respondents discussed machinery in 
terms of some facet of the “game of machines” 
speed, complexity, versatility, etc. 

At the same time, the technical man views himself 
as more knowledgeable, more sophisticated than the 
average person. Therefore, even though he may re- 
spond to an irrational appeal, he must rationalize 
his preference. He wants an illusion of rationality 
and the executive, the company, or the advertiser 
who provides him with one has made a sale. 

This is an important principle; yet the managers 
of industry often fail to understand the basic moti- 
vations of the technical people they employ or to 
whom they sell their products. 


holizes mind and motive 


of the motivational statistician. 
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industry's anonymous advertising 


For instance, the prevalent repetition of the same 
conventional themes in industrial advertising —ma- 
chinery, tools, factory or laboratory scenes—tends 
to blend individual brand or company names into 
the anonymous output of whole industries. This 
constant removal of industrial products from the 
humanity of life, this depersonalization of them, 
only serves to intensify fears and resentments which 
exist in almost all people —including technical people. 

In a number of research studies, we have come 
up with findings which are particularly significant 
to industrial management. Among these is the wide- 
spread belief that the bigger the company, the less 
it eares about both its employes and its customers. 
As one chief engineer with a significant buying func- 


tion said of a giant company, ““We’re not important 
enough for them to bother with. Sure they make a 


but their attitude is ‘take it or leave 
it!’’’ Another complained that “‘big companies care 
only for themselves—no matter what they say in 
public.” 


good product 


Humans want to deal with humans 


One reason why people tend to feel uncomfortable 
about gigantic corporations is that they instinctively 
want to deal with human beings. The underlying 
feeling is that a faceless entity can’t extend human 
considerateness to the employe or the customer, or 
put personal care and love into the product. We 
found that one of the great psychological assets of 
the Ford Motor Co. today is the spreading feeling 
that there is again a “‘true’’ Ford at the head of the 
company, who is both a strong executive and a 
generous person. 

Where people can’t identify a mammoth company 
with an individual, the bigness stands out and 
frightens them because it doesn’t fit into any frame- 
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work they understand. Confronted with the power- 
ful, menacing forces of the anonymous corporation, 
many individuals experience tensions which they 
“solve” by aggressive attitudes. 

Big business, therefore, would act wisely in under- 
playing— instead of advertising—its own bigness and 
in utilizing symbols and appeals more in harmony 
with the universal yearning for a world of manage- 
able proportions. 


Products — the international language 


Recently, | went on a trip through Europe to the 
Soviet Union, down to South Africa, into Nairobi, 
to India, Singapore, and Australia, then to the Fiji 
Islands and Samoa. Everywhere I| went, I discovered 
the importance of products. They have become an 
international language. A can opener is not only 
perfectly understood in Russia, France, or the United 
States, but it is a symbol of progress in Samoa. 

American products are considered the best, the 
most useful, the most desirable in all parts of the 
world. But when it comes to machinery, we find 
that people in India often tend to be more interested 
in a crude machine from Communist China than in 
the latest American product, and for a very human 
reason: it is far closer to what they understand, and 
what they feel they too can learn to manufacture, 
than is our finished American machine. 

We can learn a lesson from this which applies at 
home as well as abroad. The lesson is that our 
products—-whether they be bottles of beer or cylinder 
heads—-must be immediately understandable and 
humanly acceptable to the people who produce them, 
who buy them, and use them. 

Every product today, even the industrial product, 
is a part of the pattern of our lives. Discovering and 
re-discovering that pattern is the basis of business 
success. s 
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MEN AND IDEAS IN MOTION: AERONUTRONIC 


is Aeronutronic — men, ideas, and the tools development and manufacturing activities con 


for research. Aeronutronic —a dynamic new name 
in science — created by the Ford Motor Company 
to meet the demanding technological needs of a 
nation on the move. 

Aeronutronic is moving into the future and mov- 


ing fast. Space sciences, missile technology and 


ducted at ASI’s modern 200-acre Research Cente? 
under construction at Newport Beach, California. 

Exceptional engineers and scientists are needed 
now. If you are forward-looking and want to be an 


important part of a forward-moving organization, 


space vehicles .. tacti- 


cal weapon systems... these are major research, 


computers, electronics. you'll find a new challenge and rewarding future 


at Aeronutronic where men set ideas in motion. 


AERONUTRONIC 


a subsidiary of FORD MOTOR COMPANY 
Air Way, 
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MicroSA DIC commutates and converts 
up to 10,000 analog inputs per second. 
Outputs are recorded on digital mag- 
netic tape in pre-selected formats com- 
patible with most computers and per- 
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... by Swedlow in the manufacture of high temperature 


welded honeycomb core is a major factor in the production 


and performance of advanced aircraft and missiles. 


Swedlow’s new precision automatic machines 
mean thicker, wider and longer blankets of honey- 
comb core with the added features of close 
tolerances, increased production and improved 
deliveries. 

To Manufacturers: Swedlow welded honeycomb 
core means new possibilities in design with the ad- 
vantages of high strength and rigidity-to-weight 
ratios, excellent thermal and fatigue resistance, 
acoustical insulation, vibration damping and cor- 
rosion resistance, 

To Fabricators: Swedlow welded honeycomb core 
means improvements in the arts of machining, braz- 
ing and welding of panels. Swedlow’s quality con- 


trol assures clean, uncontaminated honeycomb core 


with uniform node welds, close tolerances, uniform 
cell sizes and shapes, optimum node widths, flatness 
and bond strengths. 

From Swedlow’s progressive research programs 
in methods and materials will come improved higher 
temperature welded honeycomb cores. Expert tech- 
nical service is available from Swedlow’s applica- 
tions advisory group. 


For full information, contact the Swedlow plant 


SWEDLOW Inc. 


Formerly Swedlow Plastics Company 


nearest you, or write 
for technical bulletin 
“High Temperature 
Welded Honeycomb 
Core.’ Please refer to 


Dept. 22. 


Los Angeles 22, California 
Youngstown 9, Ohio 
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Reinforcing 
the plastics 
revolution 


fan blades 


fishing rods 


by Or. Murray Berdick, coordinator of research, 


Evans Research & Development Corp. 


T HOSE OF US who took part during World War 
Il in the exciting development of unsaturated 
polyesters for low-pressure laminates and im- 
pregnating, filling, and potting compounds 
confidently expected a surge of industria! and 
consumer applications as soon as wartime re- 
strictions were lifted. 

Instead, the limelight since the war has been 
stolen by a succession of materials such as 
“squeeze-bottle” polyethylene, “cold” rubber, 
polymer blends, graft and block copolymers, 
and stereospecific polymers. The last of these 
already has given us large-scale production of 
high-density polyethylene, which has been 
much in the news lately. 

Production of polypropylene already is start- 
ing, and other stereospecific polymers undoubt- 
edly will follow. None of these would have been 
commercially feasible without the catalyst and 
process inventions of Ziegler in Germany, Natta 
in Italy, and Phillips Petroleum Co. scientists 
in the United States. 

While all these things were going on, what 
has been happening to the promising unsatur- 
ated polyesters? The chart on the next page 
shows the post-war dip and the 10-year lag 
before sales of reinforced plastics started to 
climb at a respectable rate. Why the delay in 
taking advantage of this new knowledge that 
offered so many possibilities for exploitation in 
new and revolutionary ways? 

Answer: the materials were too tricky, and 


1" 


TRANSLUCENT WINDSCREEN at right is one of hundreds 
of uses for reinforced plastics. This one 
was made with Du Pont “Lucite” acrylic sirup. 


INDUSTRIAL RESEARCH—SPRING, 1959 81 





the techniques too costly. The pro- 
wartime 
pressure to turn out radomes, fuel 
high- 
frequency equipment, were just too 
difficult 

Yet the potential inherent in a 
system that 
from a liquid to a solid 


adopted under 


( ed ures 


cells, electronic coils, and 


converted 

without 
a great change in volume, without 
high pressure, without high tem- 
perature, and without high equip- 


could be 


ment cost was too good to be 
overlooked. Since the war, epoxy 
resins have joined the unsaturated 
polyesters in offering this poten- 
tial 
Reinforced plastics utilize this 
bringing together a 
reinforcing material and 
the uncured liquid, shaping the 
with modest pressure, and 
then converting it by further poly- 
merization to the finished product. 
The reinforcement, in the form 
of mats of fibers, or roving, or 


potential by 


fibrous 


mass 


woven fabrics, contributes tremen- 
dous strength to the combination, 
while the cured resin offers all the 
usual advantages of plastics. 

A quiet revotution 

Compared to the spectacular im- 
pact of some of the other plastics, 
the development of reinforced plas- 
tics has been a quiet revolution, 
not much in the public eye. 

The resins have been varied and 
modified to give them special prop- 
erties such as heat resistance, fire 
resistance, and flexibility when 
Catalyst, accelerator, and 
curing systems have been steadily 


cured. 
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improved to give more complete 
curing at lower temperatures, so 
that it is now possible to polymer- 
ize often at room temperature. 

Ingenious new methods of com- 
bining resins and reinforcing ma- 
terials for mass production have 
been devised. New treatments and 
impregnation of reinforcing ma- 
terials have improved the bond 
strength of the components. 

These new research findings and 
engineering developments, coupled 
with the education of fabricators 
and the years of patient commer- 
cial development now, finally, are 
paying off in startling sales in- 
creases. So far, the big jumps have 
been in transportation equipment, 
construction materials, boats, 
sporting goods, and furniture. In 
1958, spectacular gains were shown 
by reinforced plastics panels and 
boats. 


This year, reinforced plastics are 
receiving special attention in the 
rocket and missile field because of 
their high strength-to-weight ra- 
tio. Whereas initially the research 
emphasis was on electrical proper- 


ties and then on physical strength, 
now the search is for ways to im- 
prove resistance to the high tem- 
encountered in high- 
speed flight and especially re-entry 
into the atmosphere. 

Perhaps the most attractive fea- 
ture of reinforced plastics is that 
they can be infinitely modified to 
meet end-use requirements. Rein- 
forced plastics are an engineer’s 
dream. You can vary the resin, the 
reinforcing material, or their 
ratio; you can vary the physical 
form of the reinforcement or the 
nature or amount of catalyst, hard- 
ener, or initiator; you can vary the 
curing cycle — and in all of these 
vases you have modified the end 


product. 


peratures 


WORLD'S BIGGEST RADOME 


Piastics have everything. .« - 


Reinforced plastics today possess: 

s Exceptionally high strength-to- 
weight ratios. 

s High impact resistance. 
Dimensional stability. 
Resiliency. 

High resistance to weathering, 
and corrosion. 
Low thermal conductivity. 

s Good electrical insulation. 

s Built-in, all-through color. 

s Light weight (specific gravity 
of 1.6, compared with 2.7 for alum- 
inum, and 7.9 for steel). 

s The ability to form color, sur- 
face finish, and complex one-piece 
shapes in a single operation. 


Reinforced plastics are not 
cheap, and their use can be justi- 
fied only when they produce a 
better product. When a production 
run is too small to justify the high 
investment in molds for injection 
molding of reinforced 
plastics have a clear-cut cost ad- 
vantage. 

The widespread use of plastics 
is largely a result of the inherent 
economies in mass-producing arti- 
cles by injection molding — a tech- 
nique not applicable to reinforced 
plastics. 

The attractiveness of this meth- 
od has tempted many manufac- 
turers to make articles by injection 
molding even though the product 
did not then have the necessary 
properties. It is for such reasons 
that plastics have been criticized. 

Today, it, is possible to produce 
far superior plastic products than 
many on the market. In some cases, 
it isn’t being done because the 
product would be priced out of the 
market. But in other cases, it’s not 
being done because of poor design, 
faulty choice of materials, or meth- 


plastics, 





LUCITE ACRYLIC SIRUP makes possible the 
of all-acrylic reinforced plastic parts. 
The operator prepares to impregnate a fiber mat with the sirup. 


od of fabrication. 

The reinforced plastics cost pic- 
ture has improved steadily. Since 
1949, the price of basic raw ma- 
terials has been going down. Poly- 
ester resin, which averaged 45 
cents per pound in 1949, is now 35 
cents. Epoxy resin prices dropped 
20% in 1958. Mat reinforcemert 
was 66 cents per pound in 1949 and 
now costs 52 cents, delivered. 

The 1959 sales figure — which 
probably will be in the order of 
225 million pounds—can be broken 
down to about 120 million pounds 
of resin, 75 million pounds of rein- 
forcement material, and 30 million 
pounds of filler (clay and silicates), 
pigments, and other additives 
(polymerization catalysts, accelera- 
tors, viscosity modifiers, ultraviolet 
light stabilizers, odorants, and mold 
release agents). 

Polyesters account for 92% of 
the resins used. Low-pressure phe- 
nolics, silicones, alkyds, 
melamines, polystyrene, and poly- 
vinyl chloride combine to make up 
the other 8%. However, the use- 
growth of these resins should re- 


epoxies, 


THE AUTHOR 


production 


sult in their having a larger share 
of the future market. 


Basically, a resin is a gum-like 
substance that helps hold the re- 
inforcing materials together per- 
manently in a desired shape. But a 
modern resin does much more than 
that, depending upon the product 
being made. 

In swimming pools, for instance, 
the resin must have a high resist- 
ance to chemicals and outdoor 
weathering. In fishing rods, it must 
be able to flex indefinitely without 
cracking, withstand extremes of 
heat and cold, and not absorb 
water. For use in outboard motor 
hoods, it must resist oils, gasoline, 
and water, and give a long-wearing 
surface. 

Certain resins have special qual- 
ities. A fire-resistant polyester goes 
into products subject to fire hazard. 
Epoxy resins give good adhesion 
and are used in many plastic repair 
kits. An epoxy resin-asbestos-rein- 
forced plastic can handle fumés 
with a 5% sulfuric acid content 


Dr. Murray Berdick’s principal research interest 
for 15 years has been in high polymers, resins, 
and plastics. He holds several plastics patents, 

is vice-chairman of the eastern division of the American 
Council of Independent Laboratories, and past 
chairman of the New York chapter of the American 

Institute of Chemists. Berdick received his Ph.D. 

from the Institute of Polymer Research of the Polytechnic 

Institute of Brooklyn. He joined Evans Research 
in 1956 after working at the National Bureau 

of Standards and at General Electric Co 


without damage (whereas stainless 
steel corrodes so badly under such 
conditions that it must be replaced 
every 6 to 8 months). 

Phenolic resin-glass fiber combi- 
nations protect metal surfaces of 
missiles from short-time exposures 
to temperatures of about 3800°F 
and from gas velocities up to sever- 
al hundred feet per second. Phe- 
nolic resin-asbestos laminates can 
even withstand a temperature of 
5000°F for short periods. 


Reinforcing materiais 


Fibrous glass is the dominant re- 
inforcing material. Thus, reinforced 
plastics have been commonly re- 
ferred to as fiber-glass plastics. 

The first reinforced plastic boat, 
exhibited at the 1946 Motor Boat 
Show, used sisal (a natural cord- 
age fiber from plant sources) as the 
reinforcing material. Today, manu- 
facturers also are reinforcing their 
plastics with nylon, polyester fiber, 
acrylic fiber, asbestos, and even 
metal. 

Thus, it’s possible to select a re- 
inforcing material that will give 
the desired properties to the end 
product. With the current emphasis 
on heat resistance, asbestos is gain- 
ing attention. 

It also is possible to alter the 
properties of a reinforced plastic 
by changing the length and ar- 
rangement of the reinforcement 
fibers. In fishing rods, for example, 
you need maximum strength in one 
direction (the fish only bite down- 
ward) and spring-like resiliency in 
all directions. 

Fibers, therefore, are arranged 
to run primarily in one direction, 
or a fabric is woven with more and 
stronger yarns in the warp (length- 
wise direction) than in the weft 
(crosswise direction). 

A similar arrangement also is 
used for archery bows, vaulting 
poles, ski poles, and golf club 
shafts. Slight modifications can be 
made to meet the desired degree of 
strength and flex merely by vary- 
ing the form of the reinforcing 
fiber. 

By altering the balance between 
fibers running in one direction and 
those in another, you can achieve 
the exact degree of rigidity or re- 
siliency desired — unidirectional, 
bi-directional, or 180° directional 
strength. 
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Development work is proceeding 
not only in resins and reinforcing 
materials, but also in manufactur- 
ing processes. 

Originally, the only way to build 
large shapes was to lay up the 
product by hand, placing in the 


ANTENNA REFLECTORS, of reinforced 
plastics, are mass produced 

to close tolerances at Winner Mfg. 
Co. by “bag molding.” This consists 
of pressing the lay-up of resin and 
reinforcement between a stable 
molding form and a flexible 
membrane. This is done either 

by evacuating air from the space 
between the membrane and mold, or 
by applying air pressure externally. 


mold layer upon layer of fabric 
saturated with resin. But demands 
for swifter production cycles have 
led to mechanized material han- 
dling and process techniques. 
One development is the preform 
technique, in which short lengths 
of glass fiber are blown against 
a shaped vacuum screen, sprayed 
with resin, The pre- 
form then the mold 
press, saturated with the required 
amount of resin, and molded to the 
form. The average mold- 
ing cycle for preform or mat mold- 
ing is from two to four minutes. 
Recently, a rotary preformer has 
developed that can produce 
80 to 90 safety helmet preforms, 
or 70 side-chair preforms per hour. 
This is accomplished in a multi- 
stage operation. While the operator 
is removing one preform from the 
machine, a second is being formed, 
a third cured, and a fourth cooled. 
Thus, one preformer can produce 
enough preforms to keep three or 


and cured 


1s placed in 


desired 


been 
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four molds in full production. 

Still another step toward mass 
production has been the develop- 
ment of molding compounds. Resin, 
reinforcing material, filler, and pig- 
ment are premixed, eliminating 
separate handling at the mold. The 
precise amount of premix required 
for a product is measured by 
weight, placed in the mold, and 
formed and cured in one operation. 
Premix molding cycles range from 
45 seconds to two minutes. 


The shape of the market 


Production of raw plastics last 
year reached a record 4.5 billion 
pounds, according to the Society 
of the Plastics Industry Inc. (SPI), 
an industry trade organization. 
This gain of 5% over 1957 is one 
of a long series of gains and is 
nearly triple the production of a 
ago. 
output, by 

the recession 
aluminum about 10%. 

For 1959, SPI estimates that 
plastics will gain another 10%, 
reaching 5 billion pounds. Accord- 
ing to the U.S. Tariff Commission, 
about 45% more polyester resin 
was used in reinforced plastics in 
1958 than in 1957. In making this 
big advance, polyesters exceeded 
100 million pounds for the first 
time. 

Sales to the boating industry 
are estimated to be far ahead of 
1958, which was a record year in 
spite of the recession. Sales of re- 
inforced plastics to the automobile 
market have held up surprisingly 
well for more truck 
and trailer bodies are being made 


decade 
Steel 


25% in 


fell 
and 


contrast, 
year, 


two reasons: 


of plastic, and plastic-bodied autos 
are becoming increasingly popular 
after initial sports car pioneering. 
The total reinforced plastics mar- 
ket last year, estimated from SPI 
figures, breaks down like this: 
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Aircraft and missiies 

Polyester reinforced plastics first 
were used as a fuel-cell backing 
material for aircraft fuel tanks, 
and later for the tanks themselves. 
Because of their unique property 
of electronic transparency, they 
also were used early in the war 
for aircraft radomes. Today, they 
go into wing tips, fins, rudders, 
nose and tail cones, and even big 
fuselage sections. 

As missiles and rockets move 
from research to production, rein- 
forced plastics are gaining greater 
usage, and it is predicted that they 
eventually will make up 85% of 
the airframe weight of future 
missiles. 

Currently, they’re limited to 
rocket motors, fins, radomes, other 
components, and heat shields for 
metal parts. Research now subjects 
improved reinforced plastics to 
14,500°F, a temperature that 
instantly vaporizes most other ma- 
terials. 


Appliances and vehicies 

The principal use in appliances 
is for cabinets, where form, finish, 
and color can be achieved in a 
single molding operation. In port- 
able television cabinets, these ma- 
terials provide insulation against 
electric shock and protection from 
shattering and denting, while still 
keeping the cabinets light in 
weight. 

Reinforced plastics have found 
wide acceptance in air conditioner 
housings, since they provide in- 
sulation against sound as well as 
against heat and electricity. Out- 
sections made of these ma- 
terials won’t rust, so they need no 
winter covers. Other reinforced 
plastic appliances coming into use 
are laundry tubs, washing machine 
agitators, air-conditioner fan blades 
and deflectors. 
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Production of raw plastics last year reached a record 4.5 billion pounds — nearly triple 
that of a decade ago. Reinforced plastics, while now constituting only about 4% of that market, 
are coming into their own, as research unfolds more and better techniques and materials. 


Reinforced plastics’ advantages 
of all-through color, high strength, 
and relatively low tooling costs are 
making inroads into the automo- 
bile and railroad markets — for 
body parts, seats, hoods, grilles, 
door panels, berths, and bathrooms. 


Plastics + boats = 14 market 


Fiber-glass boats were intro- 
duced just nine years ago, but they 
now account for 10% of all small 
craft sold, and are expected to 
capture one-third of the market 
by 1961. 

At least 72,000 reinforced plastic 
hulls were sold in 1958, an increase 
of some 44% over the previous 
year. 

These hulls account for about 
half of the total sales of reinforced 
plastics in this field. The rest goes 
for covering wooden boat hulls, 
deck surfaces, and for other pro- 
tective surface work. 

The big advantage for the boat 
owner is that plastic vessels re- 
quire no painting or caulking, 
won’t dryrot or rust, and can be 
powered with less horsepower for 
the same speed because plastic’s 
high strength means extremely thin 
but equally rugged construction. 

The big advantage for the boat 
builder is the ability of plastic to 
be formed into large one-piece 
hulls. As the size of a wooden hull 
increases, labor begins to exceed 
the cost of materials, but this is 
not true with plastic construction. 
A 40-foot sailboat made of rein- 
forced plastics costs some 30% 
less than a comparable wooden 
boat. 

About 50 million pounds of syn- 
thetics have been used in plastic 
boats in the past year, up some 
50% over 1957 and another 50% 
the year before that. 

While pleasure boats have taken 
the major share of marine plastics, AIRLIFTING BOATS is made easy with combination of helicopter 
rising labor and material costs are and lightweight reinforced plastic boat. 


causing shipping firms to look Boats—both pleasure and commercial craft—accounted for 20% 
to these materials for heavy-duty of the reinforced plastics market last year: some 87 million lbs. 
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Photography today . exacting 
photography is a medium for spe 
cialists. Group I is a team of 
photograph specialists working 
for industry, to satisfy the most 
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For more information, write or 
phone Group 1. 200 S. Michigan 
Ave., Chicago 4 + HA 7-1879. 
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service. Reinforced plastics here 
may mean less downtime for re- 
pairs, reduced maintenance costs, 
and more efficient construction 
methods. 

Although the majority of today’s 
hulls are in the 14 to 17-foot class, 
there are work boats, pilot boats, 
yachts, and military craft running 
up to 57 feet long. More than 600 
reinforced plastic hulls serve the 
Navy, ranging from 9-foot dinghies 
to an 80-foot training ship. 

The Navy now has decided that 
all its boats of 50 feet and less in 
length henceforth will be made of 
these materials. Recent approval 
by the U.S. Coast Guard of a glass- 
fiber-reinforced plastic lifeboat is 
certain to give additional impetus 
to this type of application. The 
approved design is fire-resistant 
and unsinkable. 


Buliding construction 

In building construction, the 
largest single product is flat and 
corrugated paneling. Sixty-two 
million square feet of paneling 
were sold in 1958, according to 
SPI. This is a 25% increase over 
1957. Various concerns also are 
testing sandwich structures for 
use in curtain walls, reinforced 
plastic coatings for concrete blocks 
and ceiling tile, waffle pans for 
forming concrete, and entire modu- 
lar building structures. MIT, Chase 
Institute, and others are investi- 
gating the design of materials for 
modular construction of motels and 
public buildings. 

In residential construction, patio 
and carport roofs, movable parti- 
tions, screens, and fences are being 
made of reinforced plastic. 

Industry accounts for more than 
half the construction total. Archi- 
tects, looking for beauty, structural 
strength, and controlled light trans- 
mission, specify plastic panels, 
which can be produced opaque or 
in any degree of translucency. For 
screens, dividing walls, and murals, 
special artistic patterns can be 
created and sealed between layers 
of reinforcing materials and resin. 

A 93-foot geodesic dome, built 
of flanged sections of reinforced 
plastic, now tops the Ford Rotunda 
in Detroit. Plans were drawn up 
for such a dome to cover an entire 
ball park, when Brooklyn was try- 
ing to keep the Dodgers from 
moving to Los Angeles. 


Sporting goods, 

trays, insulators 

Fishing rods, outboard motor 
housings, and all types of furniture 
are a few consumer products now 
made of reinforced plastics. Some 
95% of all fishing rods are plastic. 
At seven ounces per rod, times 
sales of 5.5 million rods per year, 
this market alone accounts for 2.5 
million pounds of reinforced plastic. 

Cafeteria food trays and indus- 
trial tote boxes take advantage of 
reinforced plastics’ light weight 
(roughly 40% the weight of alumi- 
num) and high-impact resistance. 
Their low thermal conductivity 
makes them attractive for food 
containers, especially aboard air- 
planes where light weight also is 
an asset. 

Because of their electrical in- 
sulating properties, reinforced 
plastics are the manufacturing 
material for electric circuit panels, 
high-voltage transmission conduits, 
terminal blocks, distributor caps, 
insulators, and other components. 


The chemical and petroleum in- 
dustries use reinforced plastics for 
pipes, tanks, and ducts because of 
good resistance to non-oxidizing 
acids, alkalies, and many organic 
compounds. Laminated epoxy resin 
pipe now carries salt water in oil 
field service, at 1,000 pounds per 
square inch and at 120°F. In 
chemical processing, it has proved 
adequate for piping 75% phos- 
phoric acid at 200°F temperatures. 

After moving nitric acid fumes 
for 10 months, reinforced plastic 
ducts in one plant showed no 
deterioration. Protection was air 
tight for both personnel and 
machinery. 

In the last decade production of 
plastic pipe has multiplied a hun- 
dred-fold. Last year’s output topped 
50-million pounds, double the quan- 
tity produced five years ago. The 
reason: plastic pipe saves manu- 
facturers money because it’s easier 
to fabricate. 

Refrigerator doors, roller skates, 
and garbage cans are three of 
many unique applications of re- 
inforced plastics — used in these 
cases because of their noise-damp- 
ing property. 

More uses surely will be found— 
all of which will serve to reinforce 
the plastics revolution. a” 
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CHEMICAL ENGINEERING Procress readers are men in 
responsible charge of product and process development 

in the chemical process industries. In design, 

production and administration they specify and buy 

the chemicals and materials, equipment and services 
needed to develop new products, processes or 
applications . . . thus creating new markets and expanding 
present markets for your products. 


For practical articles on industry trends, technical 
information and product data more than 22,000 of 
these men turn to CHEMICAL ENGINEERING PROGRESS. 
It is edited specifically to meet their professional 
engineering needs . . . and because it enjoys their 
confidence, CHEMICAL ENGINEERING Procress shapes 
their purchase and specification decisions. 


Your advertising speaks with authority when you 


reach these men of authority through 
CHEMICAL ENGINEERING PROGRESS. 
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Published for chemical engineers by the American Institute of Chemical Engineers 
25 West 45th Street, New York 36, N. Y 
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Naval Research $2 
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Command $2 
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Maintenance Command $2 


Transportation Corps Field Ac 


tivities Map $2 


Army Transportation Training 
Command—Ft. Eustis $2 


Hq. Office of Chief Chemical 
Officer—U.S. Army $2 


Air Force Bases $2 


U.S. Missiles Contracting Guide 


$2 
Navy Bases $2 
Army Bases $2 


Coating Materials for Naval 
Aircraft $4 


Corrosion Preventatives used 


on Nava) Aircraft $4 


Handbook of Tapes Used by 
Navy Bureau of Aeronautics 
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NEW MATERIALS 


nitrile 
silicone rubber 


ONE OF THE PROBLEMS of low-temperature aircraft, 
missile, and arctic trucking operations has been the 
inability of rubber—in hoses, gaskets, seals, etc. 
to remain flexible in extreme cold, or stable in the 
fairly high heat created by engines. 

Add to this the necessity for the rubber to resist 
oil, fuel, hydraulic fluids, and other solvents, and you 
have a materials problem solvable only through the 
fundamental approach: basic research. 

Silicone chemists are working in an entirely new 
field, one that didn’t exist as recently as two decades POLYMERIZATION of a nitrile 
ago. silicone intermediate 

Much has been learned in this short time—as wit- takes place in the laboratory. 
ness the gigantic growth of silicone products for home 
and industrial use. 

But as usual there remains much more to learn. 

Dow Corning Corp., Union Carbide Corp., and 
the General Electric Co. have been researching this 
field extensively. In 1956, Dow Corning announced 
a new heat-resistant rubber, a fluorinated silicone, 
that would withstand aircraft fuels. Recently, Gen- 
eral Electric has added a new rubber: “‘nitrile’’ sili- 
cone, with an impressive set of claims. 

Properties 

Nitrile silicone, according to GE, is not only 
strong, resilient, almost tear-proof, and usable at 
temperatures ranging from 150° F below zero to 500° 
F above—but it also is oil resistant. 

Thus it can be used without worrying about in- 
tentional or accidental exposure to the oils and fuels 
which are the life blood of most modern machinery. 

Conventional silicone rubber had reached a fairly 
advanced stage of development before GE’s nitrile 
research. It had long been noted for its resistance to 
temperature extremes, ozone, aging, and other causes 
of failure or ordinary elastomers. But it lacked a 
really good resistance to fuels and solvents. 

Important improvements were made by Dow 
Corning, Union Carbide, and GE in oil resistance 
through compounding: that is, the incorporation of 
filler systems which improve the properties of the 
polymer. But these improvements were not enough. 


OO inoustRiat RESEARCH—SPRING, 1959 





A SILICONE RUBBER 
on a } 


The development of nitrile silicone rubber involved re- 
search into the fundamental silicone structure. Silicones are 
polymers that are hybrids; that is, they are part inorganic 
and part organic. 

A typical silicone polymer can be drawn like this: 


The backbone of the polymer is the inorganic part. It is 
made up of a chain of alternate silicon and oxygen atoms, the 
same kind of chain thot is found in silica or sand. The or- 
ganic parts of a typical silicone are the CHs, or methyl 
groups, that are attached to each silicon atom. 

These hydrocarbon groups are nonpolar, similar to those 
found in gasoline and naphtha. Such fluids cause most sili- 
cones to swell greatly—a definite limitation. te 

Part of the polymer investigation involved studying how 

FILLERS and pigments are added to the rubber polar groups affect the properties of silicones. Polar groups 
gum on the experimental mill used in photo above. ctveat’ tich ther o ly, but they have a low affinity for 
nonpolar hydrocarbons. 

The researchers felt these polar groups would radically 
alter the solubility and swelling properties in gasoline and 
similar solvents. This is typical of the kinds of polar silicones 
investigated: 


The hydrocarbon side chains on the first silicon atom are 
similar to those in the first diagram. However, on the second 
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EXPERIMENTS are not always fruitful. 
This compound did not band on the mill, 
but crumbled and dropped through. 


The new silicone rubber has application in the aircraft, automotive, railroad, and petroleum industries. 


Any major improvement in oil resistance had to come 
through basic changes in the silicone polymer. 

The chemistry of it is shown.in the adjoining panel. 
Suffice it to say here that the General Electric re- 
searchers found that by adding polar groups to the 
silicone polymer, they could radically improve the 
oil resistance. Later research lead to the fact that 
they could produce an entire family of such materials 
to meet varying application requirements. 

Besides high-temperature oil resistance, the nitrile 
silicone rubbers, like other silicone rubbers, resist 
oxidation when heated in hot air. They do not get 
soft and soggy when heated, but tend to keep their 
normal hardness and degree of liveliness. 

At the other end of the thermometer, these com- 
pounds remain flexible and rubbery at minus 150° F 
—an important advantage over hydrocarbon-type 
elastomers that lose their rubber-like properties as 
the temperature is lowered. 


Applications 


Some aircraft manufacturers already use as much 
as 500 to 1,000 pounds of silicone rubber on large 
airplanes. 

As aircraft speeds and resulting heat continues to 
increase, some of the materials now used for O-rings, 
seals, and gaskets in engines and hydraulic systems 
will become obsolete. Similarly, hoses and couplings 
that carry fuel, oil, or hydraulic fluids must serve at 
both high and low temperatures, and these extremes 
are drifting further apart. 

The automobile and truck industry also needs oil 
and heat resistant rubber—particularly for automatic 
transmission seals. This application in the past has 
been a compromise, either with oil-resistant but 
marginal heat-resistant rubber, or heat-resistant but 
marginal oil resistant rubber. 

Brake parts may utilize nitrile silicone rubber, as 
increased horsepower puts a greater load on braking 
systems and higher operating temperatures are en- 
countered. 

Railroad rolling stock and the petroleum industry 
also are potential users of the new rubber. + 
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CHOOSE FROM 100 RARE EARTH SALTS 


One of them may offer you unexpected and profitable advantages 


a report by Linpsay 


The unique properties, intriguing characteristics and amazing versatility of the 
rare earths suggest the possibility of their usefulness to you. It’s not unlikely when 
you consider that rare earth salts are being used today in production processes 
involving glass, metals, ceramics, chemicals, fabrics, paint and pharmaceuticals, 
just to name a few. 


Even today, some manufacturers have not investigated the rare earths because 
they still think they are rare. That is not so. Only a few years ago, the rare earths 
were little more than laboratory oddities, except of course for a few well-known 
basic and critically important applications. 

It will interest you to know that we are producing more than 100 rare earth, 
yttrium and thorium salts. We can make prompt shipments in commercial quanti- 
ties. And at extremely favorable prices. 

If you are concerned with research, product development or production pro- 
cesses, it will be significant to you that there has been a vast change in rare earth 
production during the past ten years... in volume, in varieties, in purities ot mate- 


rials commercially available, and in prices. 


This is the result primarily of two fac- 
tors. The curiosity and imagination of 
research workers who have developed 
many practical applications. And our 
own enormously expanded production, 
particularly of rare earths in high puri- 
ties up to 99.99%. 

Look with us for a moment at some 
of the interesting developments. 


Glass polishing with cerium oxide is one 
of the most extensive rare earth appli- 
cations. Lindsay, nearly 20 years ago, 
revolutionized glass polishing practices 
in this country when it introduced ce- 
rium oxide. Today it is used for polish- 
ing millions of spectacles, lenses for 
cameras and other high precision op- 
tical instruments, TV picture tubes, fine 
quality mirrors, automobile windshields 
and many glass specialties. 





We are operating a fully equipped 
and capably staffed polishing labora- 
tory continually working on quality 
control and evaluation of new formulas. 
If you have a polishing problem, you 
may find it fruitful to talk with us. 


Rare earth garnets for electronic equip- 
ment are structurally somewhat similar 
to the garnet variety grossularite 
(formula Ca,Al.,(SiO,),). The most in- 
teresting ones are the rare earth-iron 
garnets such as Y;Fe.(FeO,),. This 
mouthful of formula has been ab- 
breviated by researchers to “YIG” for 
obvious reasons. Other names stem 
from other rare-earth symbols. These 
garnets, particularly those of yttrium, 
gadolinium, erbium, and some others 
have interesting ferrimagnetic proper- 
ties, making them useful as ferrite ma- 
terials in electronic equipment. 

We don’t make the garnets but we 
can supply the correct material for this 
particular application, and, of course, 
helpful technical service. 


Neutron absorbing rare earths are now 
available in ample quantities and at 
reasonable costs for use as poisons in 
nuclear reactors. Europium is the most 
effective control rod material but is 
relativ ely scarce and expensive. ( ‘ontrol 
rod désigners are making progress in 
demonstrating the desirable perform- 
ance characteristics of gadolinium, dys- 
prosium, samarium and erbium. 


PLEASE ADDRESS INQUIRIES TO 


| INDSAY CHEMICAL | )IVISION 


We would be happy to supply to 
qualified persons information about sig- 
nificant developments in this field. 


Sintered shapes. Through our labora- 
tory research, we have developed a 
process for producing rare earth oxides 
in sintered shapes. This information is 


now available to you if your experi- 
mental work indicates this a desirable 
form of the rare earth oxides. 


Rare earth and yttrium metals are now 
available from Lindsay. Many users of 
rare earths prefer them in this form. 
Our high purity rare earth metals are 
furnished primarily in the form of 
ingots or lumps. They are available for 
prompt shipment from our inv entory in 
experimental quantities. 

You will find costs reasonable and 
advantageous for your research or prod- 
uct development and production oper- 
ations. Want more information? 

This report indicates a wide range 
of commercial interest in the rare 
earths. Certainly they have a quite re- 
markable flexibility and versatility in 
their application to many uses. 

We can't tell you how to use the rare 
earths in your processes. But we can 
offer you technical data which may be 
of interest to your research people. 

Please tell us your area of potential 
interest and we'll try to supply infor- 
mation which is most helpful to you. 


American Potash & Chemical Corporation 
251 ANN STREET, WEST CHICAGO, ILLINOIS 


OFFICES: CHICAGO * LOS ANGELES * SAN FRANCISCO * NEW YORK * PORTLAND (ORE.) © ATLANTA © COLUMBUS (0.) © SHREVEPORT 
For additional information, circle No. 69 on the Readers Service Card, page 99 
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his foreword, Rickover was also among 
the first to observe the signs of our edu- 
cational failure and to alert the public to 
the danger. He started doing this long 
before Sputnik I. 

Now Rickover is promoting another, 
equally “obvious” concept: “The man of 
the future on whom we shall depend more 
and more is the technical expert. Today he 
is still subservient to nontechnical leaders 
in government and industry, and his work 
is hampered and sometimes destroyed by 
men in whom is vested great power but 
who cannot understand the realities of the 
new, artifical, technological age. But the 
‘verbal’ men are on the way out; the men 
who can handle the intricate mysteries of 
complex scientific and engineering projects 
are on the way in.” 

The book is basically a rework of a 
collection of speeches made during the 





Providing the vital link be- 
tween today’s planning and 


tomorrow’s profits. 


UANTUM 


INCORPORATED 


Wallingford, Conn. 
Telephone COlony 9-7765 


Specialists in research and 
development of new materi- 
als, products, and processes. 








For additional information, circle No. 70 on the Readers Service Card, page 99. 








BOOKS OF THE QUARTER 


Ir IS AN OBVIOUS PACT that the future of 
American industry, if not all civilization, 
depends to a large extent upon the U.S. 
educational system. A rash of books pur- 
porting to tell what should be done at 
various levels of education are emerging 
from the typewriters of well-known figures. 
Two of the most representative are 
reviewed here: Vice-Adm. Hyman G. 
Rickover’s Education and Freedom 
(E.P. Dutton & Co., $3.50), and Dr. 
James B. Conant’s The American 
High-Schoo!l Today (McGraw-Hill, 
2.95 hard-cover; $1. paper-back). 
Rickover’s main point is that education 
in the U.S. should be provided with a 
“board of directors’’—“‘a private agency, 
a council of scholars to set a national 
standard for the high school diploma as 
well as for the scholastic competence of 
teachers.” 
When a business or institution falters 
and needs reorganizing it ordinarily is 
provided either with new management 
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or with a new board. Why not the same 
for schools? 

Such a board of directors would give 
prestige to education by its very existence, 
and through its studies it would provide 
a national forum which would offer in- 
tellectual direction and coherent leader- 
ship to our presently chaotic “system.” 

This basic organizational reform is the 
fundamental! first step from which all 
other needed reforms later may follow. 
If we will concentrate our attention on it 
we soon can escape from many of the 
present noisy technical arguments which 
cannot be settled in public debate. 

It is more unrealistic to believe that a 
great industrial nation can leave the edu- 
cation of its young entirely to local school 
boards than it would be to think that 
national defense could be decentralized 
and turned over to 50 state militias. Adm. 
Rickover believes it is possible to have 
national leadership and local control, and 
thus achieve both education and freedom. 

This book derives its greatest value 
from the fact that it was written by Adm. 
Rickover, a respected engineer-adminis- 
trator and not by a professional educator. 
Rickover is known to the public as the 
man responsible for our only scientific- 
technical victory over the Soviets since 
1945—the nuclear submarine. 

As Edward R. Murrow brings out in 


last four years. But the reader will find a 
number of forceful new arguments in 
favor of increasing teachers’ salaries dras- 
tically, repairing our national “‘linguistic 
deficiencies,” improving educational op- 
portunities for talented youth, raising 
our educational standards all along the 
line, and speeding up the rate of progress 
through school by increasing the yearly 
time spent in school. 

Probably the proposal that “25 dem- 
onstration high-schools be set up in vari- 
ous sections of the country to test the 
advantages of separate education for the 
‘talented’”’ has received more press at- 
tention than any other suggestion Rick- 
over has made. To separate the “‘talent- 
ed,” however, he accepts without ques- 
tion the accuracy of the I.Q. test. 

Like Dr. Conant, Rickover has been 
grossly oversold on the I.Q. test as an ac- 
curate instrument for measuring talent. 
We need to inquire, ““‘Why are we being 
asked to discard achievement tests, which 
served for centuries to measure acquired 
knowledge, in favor of I1.Q. tests that do 
not even measure intelligence accurately?”’ 

Old-style tests of acquired ability in 
reading, writing, and arithmetic demon- 
strated a child’s actual accomplishments 
regardless of whether those accomplish- 
ments were the result of rapid learning 
or of slow learning coupled with strong 
motivation. What matter if the desired 
end result were achieved? 

But despite this reviewer's disagree- 
ment on I.Q. tests, businessmen and in- 
dustrialists will find Education and Free- 
dom worthwhile reading. 

(Circle Letter A on the Readers Service 
Card, page 99.) 


Less convincing is Conant’s The Amer- 
ican High-School Today. 

When an elder statesman of the stature 
of Dr. James B. Conant undertakes an 
unhurried, well-financed (by the Carne- 
gie Corp. of New York and the Educa- 
tional testing Service of Princeton, N.J.) 
two-year study of the American high- 
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VAC ION PUMP IN HAND 
A LARGE-CAPACITY MODEL 
STANDING BESIDE 


CLEAN VACUUMS 
BEYOND 10°° MM Hg 


The new Varian Vaclion* Pump 


uses an entirely unique design 

to achieve ultra high vacuums 

easily and at low operating cost. 

With no hot filaments, no moving parts, 

no fluids and no refrigerants 

the Vaclon Pumps 

are totally free from contamination sources 
or any possibility of catastrophic interruption. 
Pumping speeds from 1 liter per second 

fo 1000s of liters per second 

can be furnished. 

Hundreds are already in use. 

May we send you our literature 

fully explaining these advantages? 


VARIAN associates 
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school, and publishes his conclusions as 
“a first report to interested citizens,” we 
expect a truely penetrating analysis. 

Instead, Conant makes one major or- 
ganizational suggestion, implying that, if 
followed, all other troubles will correct 
themselves automatically. 

He focuses attention on the fact that a 
half million of our 1.5 million high-school 
seniors graduate from 17,000 small high- 
schools with graduating classes of fewer 
than 100. He would consolidate these 
17,000 schools to 5,000. 

These 5,000—together with the exist- 
ing 4,000 larger high-schools, which 
graduate the other million seniors—then 
would provide “the maximum number 
(9,000) of high-schools needed in the 
United States at this time.” 

In all probability such consolidation is 
a desirable goal, but it seems an over- 
simplification to create the impression 
that mere consolidating of our high- 
schools is just about all that’s needed. 
Conant clearly states that no other 
fundamental changes in the organization 
or operation of our educational program 
are needed. 

Apart from this, two of his major 
premises are open to serious question: 

1. His bland acceptance of aptitude- 
I. Q. testing as an accurate means for 
determining the educational opportun- 
ities children will have. 

2. His satisfaction with counseling and 
guidance as well-validated methods of 
guiding children according to their ap- 
titude tests into their future work-lives. 


Dr. Conant does not ask, “What is 


the relationship between high aptitude- 
I. Q. scores and success in real life, in- 
cluding real intellectual life?’ There is a 
considerable indication—though no one 
has yet made the definitive study to 
prove the point conclusively—that the 
correlation between success in life and 
high aptitude-I. Q. scores is nowhere near 
as high as Dr. Conant apparently believes 
it to be. 

Before millions of lives are “guided”’ by 
the results of such tests it is important 
to know their accuracy. Present evidence 
indicates that the tests are not accurate 
enough, or comprehensive enough, to 
guide children in matters so important 
as how to plan their careers. 

Conant suggests there should be one 
counselor for every 250 to 300 high- 
school students and that we also provide 
counselors for all elementary and junior 
high-school students as well. The task of 
providing counsel and guidance to teen- 
agers with respect to the selection of life 
goals requires the greatest knowledge, 
wisdom, and skill. 

It is difficult to believe that we can 
come close to providing competent coun- 
selors in such quantities. Moreover, ques- 
tioning of high-school students suggests 
that many of today’s “counselors” are 
dispensing considerable nonsense. 

There is not a word in Conant’s book 


about how to finance better salaries for 
high-school teachers, or on how to im- 
prove the qualifications of teachers of 
science or of other specific subjects. 
Merely increasing their numbers hardly 
would increase their qualifications. 

It is nice to learn that he favors high 
and rigid grading standards; grouping 
students “according to ability, subject by 
subject; making the diploma more 
meaningful by including grades on it; 
stressing English composition; diversify- 
ing programs for the development of 
marketable skills; providing special op- 
portunities for slow readers, for the ac- 
ademically talented, and for the highly 
gifted ; developing an academic inventory; 
reorganizing the school day; developing 
sounder grading and recognition devices; 
and encouraging foreign languages, sci- 
ence, and social studies. 

Could anyone disagree with these ob- 
jectives when stated so broadly? 

It is too bad that Conant does not 
tackle the deeper political, financial, and 
organizational aspects of this problem, 
and that he does not consider—as does 
Rickover—the possibility of having both 
strong local control and strong national 
leadership in education. 

(Cirele Letter B on the Readers Service 
Card.) 

Reviewed by Dr. Joseph W. Still, 
an IeR contributing editor 
e 

Stimulus (Scientific Research Pub- 
lishing Co. Inc., $6.75)—One of the most 
thought-provoking, comprehensive col- 
lections of industrial, management, and 
engineering chapters to be published. 
Now being written by some of the world’s 
leading scientific and industrial authori- 
ties, the book covers all fields of industrial 
research with emphasis on practical ap- 
plications and near-future trends. 

The colorful, heavily illustrated book 
will not be available until early next 
year, but orders are being taken now at 
the special advance price of $4.95. (Letter 
C on the Readers Service Card.) 

= 

Artificial Satellites (Foreign Tech- 
nical Information Center, $6.)—This is a 
translation of the 1958 edition of a book 
on artificial satellites by A. Shternfeld, a 
leading Russian authority. (Letter D on 
the Readers Service Card.) 

7 

Company Climate and Creativity 
(Industrial Relations Newsletter Inc., 
$10.)—A study by Deutsch & Shea Inc., 
technical manpower consultants, on the 
effect of the internal “climate” of a com- 
pany on its creative technical people. 
(Letter E on the Readers Service Card.) @ 


Any of the books described in this column 
may be ordered through Industrial Research 
by circling the proper letter on the postage- 
free Readers Service Card on page 99. 
Do not send money. You will be billed when 
the book is delivered, 








REPRINTS OF ARTICLES 


Single copies of all articles in INDUS- 
TRIAL RESEARCH may be obtained free by 
circling the appropriate letter on the 
Readers Service Card. Charges for mul- 
tiple quantities of these reprints shipped 
to your address follow. 


QUANTITY 


Articies in ftirst issue 
While the supply remains, articles in 
the first (January, 1959) issue of INDUS- 
TRIAL RESEARCH also are available—one 
additional copies at the prices 
above. Please enclose the remittance with 

your order. 

1959 Forecast: $12 Billion for Research 


, 
in lustry-by-industry account of research 


onducted and money to be spent 


year 


Are American Steel Methods Growing 
Old? 


4fter the st ecession: what the dinosaur 
of industry is doing to insure survival 


Your Dollar Returns from Research 


10t enough to “buy some tec hnology” 
watch it pay off 


The Flying Machine, Part 1: Aircraft 


{irplanes are passé. The new aircraft don’t 
plane; the fast machines fly above the air 


Tape Recording Today 

Two articles in one tell how industry is 
running its machines with tape and about 
new methods now in the laboratory. 


Why Isn‘t the Post Office Automated? 

With mailing methods dating back to 
Benjamin Franklin, the PO has to raise its 
rates continuously to meet the deficit. Why? 


Uncooperative Research 
{ brief and humorous account of some 


erious inventions 


Semiconductors: a Dynamic New Industry 


Some 55 U. S. Firms are making semicon 


uctors today, and selling them for almost 


$300 million a year. 


The Research Trendletter (Ist quarter, 
1959 


{ “newsletter”-type roundup of recent 


trendsetting developments 
For reprint information on this issue’s 


articles and on using the Readers Serv- 
ice Card, see the other side of this flap. 
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READERS SERVICE 


Your use of one of these postage- 
free cards provides a fast method of 
getting additional information on any 
of the topics mentioned in the adver- 
tisements, the Research Trendletter, or 
the Research for the Investor column. 
This service is free. 

The card also may be used for order- 
ing books described in the Books of the 
Quarter column, or reprints of feature 
articles (see below). 

Just circle the numbers or letters that 
apply, fill out the card, and mail. Please 
use one card for all your inquiries. The 
additional cards are for the use of other 
readers. 

Reply card requests for this issue will 
be honored through June 30, 1959. 


Reprints of articies 

Single-copy reprints of any of the 
feature articles in this issue are avail- 
able free. Circle the appropriate letters 
on the Readers Service Card: 


G. World-Wide Television 


H. The Flying Machine, Part 2: Today's 
Spacecraft 


Automata 
Subception, or Deception? 
Business Decision Making 
Motivating the Technical Mind 
. Reinforcing the Plastics Revolution 
. Nitrile Silicone Rubber 
. The Research Trendiletter (2nd quarter, 
1959) 

A price list for more than single-copy 
orders, plus a description of articles that 
appeared in the first issue of INDUSTRIAL 
RESEARCH, appears on the other side of 
this flap. 
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NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality 

Intensive research and testing by ALCoaA have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation 

Recently, ALcoa purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coi's for customers’ evaluation 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry 


ALUMINUM'S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns 

In most cases, aluminum strip windings can be manufac 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation; new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt 
age, which may be many times the turn-to-turn voltage 
Aluminum strip insulation needs to withstand only turn-to 


interleaving sheet-type insulation 
with aluminum strip 


Specially designed equipment for 
winding smaller coils 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel 

ALcoa has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation 

Where is the best application for aluminum strip windings? 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 


ALUMINUM STRIP 


PROPERTY COPPER WIRE No. 3 EC 


Weight (Ib/cu in.) 0.321 0.098 
Specific gravity 8.89 2.70 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C — in. \ 

in./°C } 9.7 - 10.0 6.0 

Electrical conductivity 

at 20°C, per cent IACS 97 - 100 61.0 
Electrical resistance at 

20°C (mic: ohms/sq in. /ft) 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 


Modulus of elasticity 


0.000017 0.000023 


8.40 - 8.14 13.14 


0.00392 - 
0.00381 
17 x 106 


0.00409 
10 x 106 


ALCOA Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your own test 

ALUMINUM COMPANY OF AMERICA, 2264-D Alcoa Building, 
Pittsburgh 19, Pennsylvania 


Preliminary testing of foil-wound 
transformer 


Send for Alcoa's new 
Conductor Selector 


Chart, 
slide rule for convert- 


a convenient 


ALCOA 
ALUMINUM 


j 


ing standard wire ' a ay we ae 


sizes to equivalent 
strip conductor 


For more information, circle No. 73 on the Readers Service Card, page 99 
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—first step to better coil design 


Manufacturers of electromagnetic 
equipment can reduce material and 
production costs now—by switching 
to ALcoa® Aluminum strip windings. 
Equipment designed with ALCoa strip 
is more compact, lighter in weight, 
and better able to dissipate heat than 
conventional wire. For information 
about recent ALCOA developments in 
this field and how they benefit you 
—please turn the page. 





